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ABSTRACT 
CHEMICAL SYNTHE S I S, BACTERIAL EXPRESS ION, AND 
C HARACTERIZATION OF PRO-GNRH/ GAP, A PRECURSOR PROTEIN OF 
TWO BIOLOGICALLY ACTIVE PEPTIDE HORMONES 
By Louis E .  McAdory , B.S. 
A dissertation submitted in partial fulfillment of the 
requirements for the degree of Doctor of Philosophy at 
Virginia Commonwealth University. 
Virginia Commonwealth University , 1998 . 
Director: Robert B. Harris , Ph.D. 
Professor 
Department of Biochemistry and Molecular Biophysics 
Two biologically active peptides , gonadotropin 
releasing hormone (GnRH) and GnRH associated peptide (GAP) 
are both derived from a common prohormone precursor 
protein , pro-GnRH/GAP . Both peptides are cosecreted from 
hypothalamic neurosecretory granules and are involved in 
the regulation of mammalian reproduction . A calcium 
dependent , neutral pH serine protease discovered in this 
laboratory , GAP-releasing enzyme , is the most likely 
processing enzyme of pro-GnRH/GAP . GAP-releasing enzyme is 
immunologically related to PC 1/3 , a member of the 
prohormone convertase (PC) class of processing 
endoproteinases. 
x 
GAP-releasing enzyme recognizes the eight residue 
processing site within pro-GnRH/GAP, G6LRPGGKR13, and 
correctly cleaves the R13_014 bond to yield bioactive GAP and 
a three residue extension of GnRH. We and others have 
postulated that the recognition site for GAP-releasing 
enzyme forms a defined structural element at the surface of 
the substrate protein and that this structural element 
helps mediate limited endoproteolysis. 
In the work reported here, hundred mg quantities of 
pro-GnRH/GAP were prepared by novel methods of both 
chemical synthesis and bacterial expression. Large amounts 
of pure protein are required for enzymatic and biophysical 
studies of pro-GnRH/GAP, which are intended to establish 
whether or not the processing site within the prohormone 
exists as a defined structural element that plays a central 
role in endoproteolytic processing. Synthetic pro-GnRH/GAP 
was prepared in high yield but proved difficult to purify 
to homogeneity. Recombinant pro-GnRH/GAP was prepared in 
sufficient yield and purity to perform all subsequent 
experiments. 
xi 
An immunoassay was developed against a processing site 
epitope within pro-GnRH/GAP. Both synthetic and 
recombinant pro-GnRH/GAP proteins are immunoreactive, 
consistent with the idea that the epitope, and, thus, the 
processing site, is located on the surface of the molecule. 
Proteolysis of synthetic or recombinant pro-GnRH/GAP by 
trypsin or kallikrein caused immediate loss of 
immunoactivity, showing that the processing site is 
susceptible to proteolysis and that the integrity of the 
processing site is required for immunoactivity. One of the 
kallikrein hydrolytic products was identified as GAP. 
Therefore, kallikrein cleaves at the R1J_014 bond. 
The intrinsic fluorescence yield of the Trp residue 
near the processing site region of pro-GnRH/GAP is 
sensitive to changes in pH, but not to changes in ionic 
strength or calcium concentration; its fluorescence yield 
is maximal at neutral pH. This suggests that the 
processing site displays maximum structure at neutral pH. 
This finding is coincident with the fact that GAP-releasing 
xii 
enzyme is optimally active at neutral pH. However, the 
relative contribution of secondary structural elements, as 
discerned by circular dichroism, remains constant over the 
range of pH 5 . 2- 10 . 7. Only at pH <5.0 are significant 
changes in secondary structure apparent. This indicates 
that the pH effects on the structure of pro-GnRH/GAP are 
rather subtle. 
Thermal denaturation of pro-GnRH/GAP follows a simple 
two-state transition at neutral pH, as assessed by 
differential scanning calorimetry. This shows that pro­
GnRH/GAP assumes a protein-like tertiary structure at 
neutral pH. 10 NMR data obtained at variable pH showed 
changes in resonance position and spectral resolution which 
are consistent with pH mediated conformational change and 
with the assumption of organized structure at neutral pH. 
However, the lack of through space correlations in the 20 
NOESY experiment indicates that determination of the three­
dimensional structure of pro-GnRH/GAP at neutral pH may be 
problematic. 
I NTRODUCTI ON 
Pep t i de hormon e s  and neuropept i de s  mediate the 
commu n i cat i on b e tween c e l l s  in  neuroendo c r i n e  s ys t ems . 
These  peptides  are s e c r e t e d  i nto the ext race l lu l ar 
envi ronment , through whi c h  the y  reach the i r  tar g e t  t i s su e s  
and ex e r t  the i r  b i o l o g i cal funct ions . Mo s t  pept i de 
hormones  are s ynthe s i z ed as larger p recursor  p ro t e i n s  which  
mus t  unde rgo po s t - t ran s lat i onal p roce s s ing  to y i e l d  the 
b i o l o g i cal l y  act i ve ho rmone ( fo r  revi ews , see  Docher t y  and 
S t e i ne r ,  1982; Gai ner  et al , 1985; Har r i s ,  1989; Rou i l l e  e t  
al , 1995) . Yet ,  re lat i ve l y  li t t l e  i s  known about the 
mol ecular mechan i sms o f  ho rmone precursor proc e s s ing  and 
i t s  regulat ion . Re cent evidence sugge s t s  t hat the 
s t ructure  of the precursor  prote i n  i t s e l f p lays a r o l e  in 
the regulat ion of the proce s s i ng pathway . 
B i o synthe s i s  and s e c r e t ion o f  pept ide hormones . 
Pep t i de ho rmones are i n i t ial l y  t rans lat ed as large 
prep rohormones whi c h  contain an N- t e rminal s i gnal s e quence 
o f  15-3 0 ami no aci d  r e s i due s . The s e  precursors  are 
1 
proce s s ed i n  a h i gh l y  o rdered and s t epw i s e  fas h ion ( Fi gu r e  
1) . Proce s s i n g  begins  w i t h  the  r emoval o f  the  s i gnal 
p ep t i de to y i e l d  the p roho rmone . The prohormone  may then  
be mod i f i ed b y  d i s u l f ide bond fo rmat i o n ,  pho sphorylat i o n ,  
s u l fat i on ,  and / o r  g l ycos ylat i on . Al l prohormone s  unde rgo 
l im i t e d  endop r oteo l ys i s  at speci f i c  l o c i . The r e s u l t ing  
pep t ides  may r e qu i r e  the act i on o f  exopept i das e s , 
ami da t i n g , and/or  acet ylat ing  enzyme s to  p roduce the  
b i o l o g i cal l y  act i ve hormone . 
P r o t e i n s  that are de s t ined for  s e c r e t i on f o l low e i t h e r  
t h e  con s t i t ut i ve o r  t h e  r e gu lated pathway ( fo r  revi ews , s e e  
Ke l l y , 1 985; Burg e s s  and Ke l l y ,  1 987 ) . I n  both pathways , 
p r o t e i n s  are tar g e t ed for the endoplasm i c  re t i cu l um ( ER )  
and subs equent l y  t ran s l ocated to  the go l g i  apparatus . The 
two pat hways d i verge  i n  the t rans go l g i  n e two r k  ( TGN ) . 
2 
Con s t i tu t i ve l y  se c re te d  p r o t e i n s  are pac kaged i n t o  
t ran spo r t  ve s i c l e s  at concentrat ions  whi ch a r e  no mor e  t han 
2 - fo l d  h i gher  t han t he i r  respect ive concentrat i ons in the  
ER ( H earn e t  al , 1 985) . These  ve s i c l e s  move cont i nuou s l y  
t o  the p lasma membrane and r e l ease t he i r  con t e n t s  w i t h i n  
minutes  o f  l eav ing  t h e  go l g i . 
Fi gure 1: Pathway of pepti de hormone biosynthesis. Pept i de 
hormones  ar e  t ran s l at ed a s  preprohormone s .  The s i gna l 
pept ide i s  r emoved in  the ER . The r e s u l t i ng p rohormone  may 
unde rgo futher modi f i c a t i on such a s  d i s u l f ide forma t ion , 
g l ycos y l a t i o n ,  phospho r y l a t i o n ,  and/ or  sulfa t i on in  the  ER 
and go l g i . Endoproteo l ys i s  occurs i n  e i ther  the  TGN or in 
the s e c r e t o r y  granu l e . Final  maturat ion occurs in  the  
secretory  ganu l e ,  where  the hormone is  s tored unt i l  it  i s  
r e l e a s ed i n  re sponse t o  the approp r i a t e  s t imu l u s . Adap t ed 
f rom Hoo k e t  a l  ( 1 9 9 4) . 
3 
Preprohormone 
Signal Peptidase 
Prohormone 
L----_II II'--__ � 
Endoproteinase t 
IIL..--__ 
Exopeptidases 
Amidation 
Hormone 
4 
I n  the r e gu lated pathwa y ,  pro t e i n s  become h i g h l y  
concent rated i n  t h e  TGN and are pac kaged i n t o  den s e  core 
ve s i c l e s  cal l e d  s e c r e t o r y  granu l e s . I n  endocr i ne c e l l s ,  
the prot e i n  concent rat ion i n s i de the s e  g ranu l e s  may be as 
much as 2 0 0 - fo l d  h i gher  than in the ER ( Salpeter  and 
Farquhar , 1 9 8 1 ) . These  s e c r e t o r y  granu l e s  are s to red  i n  
the c ytop lasm f o r  hours o r  days . I n  r e spons e  to an 
ext race l l u lar s t imul u s , the g ranu l e s  fuse w i th the p lasma 
memb rane and r e l ease the i r  cont ent s .  
5 
B i o s ynthes i s  and proce s s ing  o f  preprohormone s  and the 
subs equent r e l ease o f  the i r  b i o l o g i cal l y  act i ve p roduc t s  
occur v i a  the r e gu lated s e c r e t o r y  pathway ( c . f . , Gumb in e r  
and Ke l l y , 1 9 8 2 ; Moo re and Ke l l y ,  1 9 8 5 ) . Trans l at i on o f  
the p reprohormone  begins  on cytoplasmi c r ibosome s . A s  t h e  
s i gnal pep t i de eme rge s , i t  b i nds to a s i gnal recogn i t i on 
par t i c l e  which tar g e t s  the r ibonuc l eopro t e i n  comp l ex t o  the 
ER ( fo r  revi ews , see Wal t e r  and L i ngappa, 1 9 8 6 ;  S kach and 
L i n gappa,  1 9 9 3 ) . The r ibo some b i nds to the ER memb rane and 
the nas cent po l ypept ide i s  t rans l ocat ed acro s s  the memb rane 
into  the c i s t e rnal space . The N- t e rminal s i gnal pep t i de i s  
then removed b y  a memb rane-bound s i gnal pept i das e ,  g i v i n g  
r i se to the p rohormone ( Jackson and B l obe l ,  1 9 7 7 ;  Evan s e t  
ai , 1 9 8 6 )  
The E R  c i s t e rna i s  the locat i on for  d i s u l f i de bond 
format i on and N- g l ycos ylat ion as appropriate for a g iven 
p roho rmone ( fo r  review,  s e e  Bennet t  et  ai , 1 9 9 3 ) . Proper 
folding of  s e c r e to r y  prot e i ns al so  occurs i n  the ER. I t  
has not been conc l u s ive l y  demonst rat ed that prohormon e s  
as s ume de f i ned s t ructures  or  that s u c h  s t ructures  are 
phys i o l o g i cal l y  important . However , it is l o g i cal to 
as s ume that any ex i s t i ng prohormone s t ruct ural features  are 
f o rmed in the ER . The prohormone then moves via t ran sport  
ve s i c l e s  f rom the ER to the cis  face of  the go l g i  apparatus 
( for  r e v i ew , see Ro thman and Or c i , 1 9 92 ) . 
Phospho r y lat i o n ,  sul fat ion , and o l i gosacchar i de 
maturat i o n  occur i n  the go l g i  s tac k ( for  review , s e e  
Benne t t  e t  ai , 1 9 9 3 ) . S o r t i ng o f  t h e  prohormone i n t o  the 
r e gu lat ed  s e c r e t o r y  pathway occurs in  the TGN by  s e l e c t i on 
mechan i sms wh ich are uncl ear . I t  has been sugge s ted that 
6 
s o r t i n g  i nto the r e gulated pathway occurs via  s e l e ct i ve 
agg r e gation  ( c . f . ,  Tooze e t  ai , 1 9 9 3 ) . According to thi s 
idea,  the chemi cal envi ronment  o f  he TGN a l l ows s e gregat ion 
of  p rote i n s  on the bas i s  of  the i r  phys i cochemi cal 
7 
p rope r t i e s . As s e c r e t o r y  p r o t e i n s  move into  the TGN , t h e y  
encoun t e r  a n  i nc rease in  pro t e i n  and calc i um ion  
concentrat ions  and a de c rease i n  pH . Prote i ns t hat 
agg r e gate under t he s e  cond i t ions are s e l e ct e d  for t he 
regulated pathway; and p r o t e i n s  t hat r ema i n  free l y  s o l ub l e  
con t i nu e  o n  t h e  con s t i tu t i ve pathway . What ever t h e  
mechan i sm ,  p roho rmone s  or  t he i r  proteo l y t i c  produ c t s  
conde n s e  i n t o  e l e c t ron-dense sphe r i cal c o r e s  that b u d  from 
the TGN t o  fo rm s e c r e t o r y  granu l e s . 
The e n z ymes  re spons ib l e  for e ndopro t e o l yt i c  proces s i n g  
o f  t h e  p rohormone  and f i nal mat urat ion o f  the  b i o l o g i cal l y  
act i ve h ormone are col ocal i z ed w i th the p roho rmone  i n  the  
TGN and are copackaged into the  secretory  g ranu l e s . 
Endopro t eo l y s i s  may begin  i n  the TGN ( Schnab e l  e t  a l , 1989) 
o r  aft e r  pac kaging  into  s e c r e t o r y  granu l e s  ( Or c i  e t  al , 
1987) . I n  e i th e r  cas e ,  final maturation of the 
b i o l o g i cal l y  act i ve pep t ide mo s t  l i ke l y  occurs i n  s e c r e to r y  
g ranu l e s . He r e ,  specific  carboxypep t i das e s , 
ami nopept idas e s ,  and /or  N-ace t ylat i n g  and a-amidat ing  
enzym e s  act t o  generate the  mature ho rmone whi c h  is  s tored  
i n  the  s e c re t o r y  g ranu l e s  at  h i gh conce n t rat ion . 
I n  r e sponse to an extrace l lu l a r  s t imu l u s , the 
s e c r e t o r y  granul e s  move a long cytos k e l e t a l  e l emen t s  towa rd 
the p l a sma membrane . The g ranu l e s  fuse  w i th the p l a sma 
memb rane , thus r e l e a s ing the i r  cont ents  into the 
extrace l lu l ar envi ronment . 
Endoproteo l ys i s  o f  prohormone  precursor  p r o t e i n s . Al l 
p rohormon e s  mus t  unde rgo endoproteo l ys i s  at  one o r  mor e  
l o c i  to l ib e r a t e  the i r  b i o l o g i ca l l y  act i ve pept i des.  The  
proce s s i ng  enzyme s re spon s i b l e  for  the s e  endopro t eo l yt i c  
events ar e  c a l le d  prohormone conve r t a s e s  ( PC ' s ) . Al t hough 
it ha s  been di f f i cu l t  to unequ i voc a l l y  i den t i f y  the 
phys i o l o g i ca l l y  r e l evant proce s s ing  e n z yme for  a par t i cu l a r  
endopro t eo l yt i c  even t ,  a numbe r  o f  e n z yme s have been 
imp l i ca t e d  i n  the proce s s ing  of  a wide var i e t y  of  p r e c u r s o r  
p r o t e i n s  ( fo r  revi ews , see  S e i dah et  a l , 1 9 9 1 a ;  S t e i n e r  e t  
a l , 1 9 9 2 ; S e i dah a n d  Chre t i e n ,  1 9 9 4 ; Rou i l l e e t  a l  1 9 9 5 )  
I t  has  been sugges t e d  that a phys i o l o g i ca l l y  r e l evant 
prohormone conve r t a s e  s houl d  1) c l e ave the prohormone i n  
vi tr o a t  the phys i o l o g i ca l l y  r e l evant s i t e ( s ) , 2 )  be 
located in the s ubce l lu l a r  comp a r tment in  wh i ch p roce s s i n g  
t a kes p l ace , and 3 )  func tion  i n  t h e  phys i o l o g i c a l  
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condi t i on s  o f  that  s ubce l l u l a r  comp a r tment ( Doche r t y  and 
S t e i ne r ,  1 9 8 2 ; Harr i s ,  1 9 8 9 ) . 
The f i r s t  unamb i guou s l y  ident i f i ed proce s s ing  enzyme 
was kex i n ,  who s e  phys i o l o g i c a l  sub s t r a t e  i s  pro-a-ma t i ng 
factor  i n  the yea s t  Sacchar omyce s cere vi siae ( Ju l i u s  e t  a l ,  
1 9 8 4 ; Fu l l e r  e t  a l ,  1 9 8 8 ) . Kex i n  i s  a c a l c i um dependent 
s e r i n e  p r o t e a s e  w i t h  a ca t a l y t i c  doma i n  r e l a t e d  to the 
bac t e r i a l  s ubt i l i s in s  (Mizuno et a l ,  1 9 8 8 ; Ful l e r  et  a l ,  
1 9 8 9 ;  M i zuno e t  a l ,  1 9 8 9 ) . Knowl edge o f  the nuc l e o t i de and 
predi c t e d  ami no a c i d  s e quence of ke xin  made i t  pos s i b l e  to 
search for  mammal i an homo l o gues  on the bas i s  of  the 
p r e s umed s e quence cons e rvat ion i n  the  ca t a l y t i c  region o f  
the enzyme . Thi s  l ed to the d i s cove r y  o f  a new fami l y  o f  
mamma l i an endop r o t e a s e s  c a l l ed the subt i l i s i n- l i ke 
propro t e i n  conve r t a s e s  ( Fi gure  2 )  ( c f  Riou l l e  et  a l ,  1 9 9 5 ) . 
The s e  enzyme s share s evera l common s t ructural  f e a t u r e s  
inc luding  an N - t e rmina l  s i gn a l  pep t i de ,  an 8 0 - 9 0  r e s i due  
p ropept i de s e quence , a s ubt i l i s in - l i ke cata l y t i c  doma i n  of  
approxima t e l y  2 4 0  r e s i due s , a nd  a we l l  conserved doma i n  
that i s  requ i red f o r  act iv i t y ,  but who s e  funct ion i s  
unknown . 
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Fi gure 2: Schemati c  di agram of the subti li s i n-like 
proprotei n  convertases. Al l these  e n z ymes share an N­
t e rminal  s i gn a l  s e quence ( S P ) , a pro - region ( PR ) , a 
s ubt i l i s i n-l i ke cat a l yt i c  domai n  ( Ca t ) , and a we l l  
con s e rved doma i n  o f  unknown fun c t i o n  ( UD ) . Some o f  t h e s e  
enzymes  have a S e r / Th r  r i ch region ( S T ) , a Cys  r i ch r e g i on 
CR,  a t r an smembrane doma in  ( TM ) , and/or  an amph i p a t h i c  
h e l i x  (AH). Adapte d  f rom Roui l l e  e t  a l  ( 1 9 9 5 ) . 
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Fu r i n ,  PACE4 , and PC5/ 6 a l l  share  an add i t ional  
c y s t e i ne r i ch r e g i on . Fur i n  and an i s o form o f  PC 6 w i t h  a 
much l onge r c y s t e i ne r i ch domai n  ( Na kagawa et  a l , 1 9 9 3 a )  
bo th  have a t ransmembrane doma i n  near the i r  r e s pe c t i ve C­
t ermin i . 
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Proc e s s i n g  b y  furin  i s  gene r a l l y  di rected b y  the 
canoni ca l  s e quence R-X- [ K/Rl-R� ( wh e r e  � i nd i c a t e s  the s i t e  
o f  proteo l ys i s ) ; however ,  i t  has  been s hown that fur i n  i s  
capab l e  o f  p roce s s i ng the min ima l re cogn i t i on mot i f  R-X-X-
R� (Mo l l o y  et  a l , 1 9 94 ) PACE4 ( Cr eeme rs  e t  a l ,  1 9 9 3 ; 
Rehemtu l l a  e t  a l , 1 9 9 3 )  and PC 5 / 6 ( Na kagawa e t  a l , 1 9 9 3 b )  
exh i b i t s imi l a r  s ub s t r a t e  spec i f i c i t i e s  to  that o f  fu r i n ,  
but w i t h  a g r e a t e r  dependence o n  a bas i c  res i due i n  t h e  P 2  
po s i t ion r e l a t i ve to t h e  s c i s s i l e  bond . 
Fur i n  i s  l o ca l i z ed prima r i l y  i n  the TGN ; howeve r ,  i t  
doe s  move t o  the p l a sma membrane v i a  con s t i tut i ve ve s i c l e s  
and bac k to t h e  go l g i  v i a  endosomes (Vidr i c a i r e  e t  a l , 
1 9 9 3 ; Mo l l o y  e t  a l , 1 9 9 4 ; Bosshart  et  a l , 1 9 9 4 ) . Fur i n  
pos s e s s e s  a neut r a l  p H  opt imum whi c h  i s  cons i s t ent w i t h  i t s  
potent i a l  r o l e  a s  a proces s i ng e n z yme , and i t  i s  exp r e s s ed 
i n  many di f f e rent t i s sues . Fur i n  i s  thought to proc e s s  a 
vari e t y  o f  precursor  prote i n s  in the cons t i tut i ve pathway 
( c f  R i ou l l e  e t  a I ,  1 9 9 5 ) . 
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PAC E 4  i s  a l s o  exp r e s sed n e a r l y  ubi qu i tous l y ,  but a t  
part i cu l a r l y  h i gh l eve l s  i n  t h e  ant e r i o r  lobe o f  the 
p i tuit a r y  g l and ( Johnson e t  a I ,  1 9 9 4 ) . The PACE 4 l eve l s  in 
the pit u i t ar y  are  regulated  b y  thyro i d  s t a tus , sugges t ing 
an invo l vement i n  proces s ing of  some neuroendo c r ine  
pept i de s . Howeve r ,  any de fin i t ive r o l e  of  PACE4  i n  
prohormone p roce s s ing  has  yet  to  be demon s t rated . 
Both i s o fo rms o f  PC5 / 6 a re  exp r e s s ed at  v e r y  h i gh 
l eve l s  i n  int e s t i n a l  mucosa and the adrenal g l ands and to a 
l e s s e r  ext ent i n  many other  t i ssues  ( c f  Rouil l e  e t  a I ,  
1 9 9 5 )  . I t  h as  b e en sugge sted that PC 5 / 6 may proc e s s  
c e l l u l a r  growth f a c t o r  precursors  or  intes tin a l  r e g u l a t o r y  
pept i de p r ecur sors . 
PC 1 / 3 ,  PC2 , and PC4  a l l  l a c k  a c y s teine rich doma i n  
and a t ransmembrane doma i n . Howeve r ,  PC 1 / 3  a n d  P C 2  b o t h  
have a p utat i ve amphipathic h e l ix at  their r e spective C ­
t e rmi n i , whi ch ma y be i nvo lved in membrane a s s o c i a t ion 
and/ o r  sort ing into s e c r e t o r y  granul e s  ( Smee kens et  aI,  
1 9 9 1 ; S e idah e t  a I ,  1 9 9 1 b ) . 
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Al l three  e n z ymes c l e ave at  p a i r s  o f  bas i c  ami no a c i ds 
whi c h  conta i n  an Arg re s idue  i n  the P 1  pos i t ion (K-R� o r  R­
R�) ( c . f . ,  S e i dah and Chre t ie n ,  1 9 9 4 ) , and PC2 i s  capab l e  
o f  pr oce s s i ng d iba s i c  r e s idue s i t e s  wh i c h  conta i n  a P 1  Lys 
r e s i due  (K-K� or  R-K�) ( Zhou e t  a l ,  1 9 93 ) . Thes e  diba s i c  
s i t e s  a r e  t h e  predomi nant c l eavage mot i f s found i n  
prohormon es  and p roneuropep t i de s . 
PC4  i s  exp r e s s ed exc l u s i ve l y  i n  the t e s t i s  ( Nakayama 
et a l ,  1 9 92 ) , and i t  i s  l i ke l y  i nvo lved in proce s s ing the 
p i tu i t a r y  adenyl a t e  c yc l a s e - act ivating  po l ypept ide 
precursor  ( Li e t  a l , 1 9 9 8 ) . PC 1 / 3  and PC2 are  exp r e s s ed 
exc l u s i v e l y  i n  the brain  and the extended neuroendocr i ne 
s ys t em ( Sme e kens e t  a l ,  1 9 9 1 ; S e i dah et  a l , 1 9 9 1 b ) . The y 
have both been loca l i zed to the TGN and s e c r e t o r y  granu l e s  
whe r e  p rohormone p roce s s ing t a ke s  p l ac e  ( L i ndbe r g  e t  a l , 
1 9 9 4 ) PC 1 / 3  and PC2 exhibi t  mi l d l y  a c i d i c  pH opt ima ( 5 . 0 -
7 . 0 ) ( Zhou and L indbe r g ,  1 9 9 3 ;  L i ndbe r g  et  a l , 1 9 9 5 ;  
Azaryan e t  a l , 1 9 9 5 ) , whi c h  i s  cons i s tent w i t h  proteo l y t i c  
act i v i t y  i n  the l at te r  s t a ges o f  the TGN and i n  s e c r e t o r y  
granu l e s . Both enzyme s process  prohormone s  to 
phys i o l o g i ca l l y  r e l evant p roducts  ( c . f . ,  Benj annet e t  a l ,  
1 9 9 1 ) . Thu s , P C 1 / 3  and PC2 a re  thought to be the e n z yme s 
r espon s i b l e  for  the proces s ing  o f  mo s t  p rohormone s  and 
proneuropept i de s . 
Ro l e  o f  p rohormone s t ructure i n  endoproteolyt i c  
spec i f i c i t y  and regul at ion . The p r ima r y  s e quence o f  mo s t  
pep t i de hormon e s  i s  f l an ked by p a i r s  o f  bas i c  ami no a c i d  
r e s i dues  i n  t h e  i n t a c t  prohormone . I t  i s  gene r a l l y  
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accepted that endoproteo l ys i s  occurs a t  the s e  s i t e s  to  
r e l e a s e  the pept i de s  f rom the f ramewo r k  of  the p rohormone . 
Howeve r ,  there  a re  many examp l e s  o f  diba s i c  s i t e s  i n  
p rohormon e s  that a re  n o t  proce s s ing  s i te s ; and such dibas i c  
s i t e s  may ex i s t  i n  the b i o l o g i ca l l y  act ive pep t i de s . 
The re fore , the p r e sence o f  a p a i r  o f  bas i c  amino a c i d  
res idues i s  n o t  nece s s a r i l y  su f f i c i ent to di rect  p rohormone 
proce s s ing . 
I t  i s  l i ke l y  that the p ro t eo l yt i c  re cogni t i on s i t e i n  
a g i ven p rohormone i s  a s e quence o f  s everal  r e s i du e s  on one 
or  both s i des of the diba s i c  c l e avage s i t e . S t udi e s  o f  the  
p r ima r y  s e quences  o f  a numbe r  o f  proho rmone s  reve a l ed no  
concensus s e quence i n  the n e i ghboring  res idues o f  t he 
c l eavage s i te s  ( Rho l am e t  a I ,  1 9 8 6 ) . Howeve r ,  mo s t  
re cogn i t ion s e quences i n c l ude a s t rong l y  po l a r  r e s i due  
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between the P 4  and P 8  po s i t ions  r e l a t i ve to the c l eavage 
s i te ( Ha r r i s  e t  a I ,  1 9 8 9 ) . Thi s  po l a r  r e s i due  and the p a i r  
o f  ba s i c  r e s i du e s  enhance t h e  h ydropathy o f  t h e  recogn i t i on 
s e quence and probab l y  s e rve to b r i ng the proce s s i ng s i t e  to  
the external  s u r f ace o f  the p rohormone . Thus , it  is  l i ke l y  
that  the s t ructure  o f  the p roce s s ing  s i t e ,  r a t h e r  than the 
spec i f i c  s e quence of  amino a c i ds , imp a r t s  proce s s ing  e n z yme  
spec i f i c i t y  ( Ha r r i s  e t  a l , 1 9 8 9 ) . 
S e condary s t ructure predi c t ions  o f  prohormone 
s equenc es  i ndi c a t e  that diba s i c  c l e avage s i t e s  ex i s t  e i th e r  
i n  o r  adj acent to �- turns ( Rhol am e t  a l , 1 9 8 6 )  o r  Q- loops 
( B e k  and B e r r y ,  1 9 9 0 ) . I n  cont ra s t ,  diba s i c  s i te s  whi ch 
are  not c l eaved i n  v i vo a re  predicted to be a s s o c i at e d  w i t h  
o rdered s t ru c t u r e s  such a s  a-he l i c e s , � - sh ee t s ,  o r  h i gh e r  
o rder organ i z a t i on ( Rho l am e t  a l ,  1 9 8 6 ) . 
The p redi c t i on o f  s e condar y  s t ructure  a t  the 
proce s s i ng  s i t e  is  supported b y  s t ructural  evidence . The 
proc e s s i ng  s i te  a t  the CA j unc tion  in p r o i n s u l i n  has  been 
shown to f orm a de f i ned s t ructural  feature which has  been  
de s i gnated  the " CA knuc k l e "  ( We i s s  e t  a l , 1 9 9 0 ) . S tudi e s  
o f  prooxy to c i n / ne urophys i n  have s hown that the t e t rapep t i de 
s e quence immedi a t e l y  preceding the K 1 1 - R 1 2  p roce s s ing  s i t e  
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( P7 - G 1 0 )  organ i z e s  a s  a �- turn and that the n e i ghbo r i ng 
r e s i du e s  on the C - t e rminal  s i de o f  t h i s  s i t e  t end to f o rm 
an a-he l i c a l  s t ructure ( Pao l i l l o e t  aI , 1 9 92 ) . Thi s �- turn 
s tructur a l  mo t i f  ha s  been shown to be impor t ant i n  
s ub s t r a t e  recogn i t ion b y  t h e  puta t i ve proc e s s i ng e n z yme o f  
p rooxyto c i n/ neurophys i n  ( Bra kch e t  a I , 1 9 9 3 ) . 
Thes e  r e s u l t s  s uppor t  the hypothe s i s  that the 
s t ructur e  of  the p roce s s ing  s i te i n  prohormone s  p l ays  a 
r o l e  i n  proce s s ing en z yme spe c i f i c i t y . However ,  the 
phys i o l o g i c a l  r e l evance of  the s e  p roce s s i ng s i t e  s t ru c t u r e s  
rema ins  to be demon s t rated . The proinsu l i n " CA knuc k l e "  
w a s  obse rved i n  a solut i on cont a i n i ng 2 0 %  ace t i c  a c i d  a t  pH 
3 . 0  ( W e i s s  e t  a I ,  1 9 9 0 ) . The �- turn mot i f  in 
prooxyt o c i n / neuroph y s i n  was obs erved i n  pept i de f r a gmen t s  
i n  the p r e s ence o f  T FE ,  a s t ructure p romo t i ng s o l vent 
( Paol i l l o e t  a I ,  1 9 92 ; B r a kch e t  a I ,  1 9 9 3 ) . 
I t  i s  we l l  known that chemi c a l  parame t e r s  such a s  pH  
and i o n i c  s t rength c a n  i n f luence prot e i n  s t ructu r e ; and  i t  
i s  we l l  documented that pro t e i n s  exp e r i ence envi ronme n t a l  
changes w i t h  r e s p e c t  to the s e  pa rame t e r s  as  they  move 
through the var i ou s  compartments  of the regu l a t e d  s e cr e t o r y  
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pathwa y . Change s i n  pH and /or  CaClc  concent r a t i on con t r o l  
t h e  comp a r tment speci f i c  p roc e s s i ng o f  proinsu 1 in ( Davidson 
e t  a l , 1 9 8 8 )  and p roopi ome l anoco r t i n  ( Schmidt and Moo r e ,  
1 9 9 5 ) . I t  i s  l o g i c a l  to  a s sume that such change s i n  the 
chem i c a l  envi ronment could a f fect  prohormone s t ru c tu r e , and 
that any r e s u l t ing conforma t i ona l  changes  may be r e l e vant 
to proce s s i ng . 
B i ophys i c a l  ana l ys i s  o f  an intact  prohormone i s  
nece s s a r y  t o  a s s e s s  the s t ructural  o rgani z a t i on o f  i t s 
proce s s i ng s i t e ( s ) . These  s tudies  mus t  be p e r f o rmed unde r 
phys i o l o g i c a l  condi t i ons i n  o rder to e s t ab l i s h the 
b i o l o g i c a l  r e l evance of  prohormone s t ructure . S t ru c t u r a l  
i n forma t ion mus t  be obtained under  va r i ous chem i c a l  
cond i t ions to de t e rmine t h e  re sponse  o f  prohormone 
conforma t i on to the d i s t inct  chemi c a l  envi ronments  
encoun ter ed  i n  the subce l lu l a r  comp a r tments  o f  the  
regul a ted s ecr etory  pathwa y . 
Pro-GnRH / GAP a s  a model  for p rohormone proc e s s ing . 
Pro-GnRH / GAP provides a u s e f u l  mode l sys tem for  the 
s tudy of  prohormone s t ructure and proc e s s ing ( se e  F i gu r e  
3 ) . Endopro t eo l ys i s  o f  a s i ngle  proc e s s ing s i t e  i s  
s u f f i c i ent for the r e l e a s e  o f  two b i o l o g i ca l l y  r e l evant 
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Figure 3: Pri mary ami no acid sequence of pro-GnRH/GAP. 
Pro-GnRH / GAP i s  a 6 9  r e s idue proho rmone con t a i n i ng the 
s equences  of  GnRH and GAP . GAP- r e l e a s i ng e n z yme recogn i z e s  
t h e  s e quence G l y 6 -Arg 1 3  and c l eaves t h e  Arg 1 3 -Asp 1 4  bond . 
T h i s  endopro t eo l y t i c  event y i e l ds funct iona l GAP and a 
three  r e s i due  C - t e rmina l ex ste ns i on o f  GnRH , wh i ch mus t  
unde rgo further  proc e s s ing t o  be come b i o l o g i ca l l y  a c t i ve . 
1 69 
GnRH GAP 
6 10 13 
Gly-Leu-Arg-Pro-Gly-Gly-Lys-Arg 
r-- GAP-releasing enzyme 
QHWSYGLRPGGKR DAENLIDSFQEIVKEVGQLAET 
QRFECTTHQPRSPLRDLKGALESLIEEETGQKKI 
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pep t i de s equences . The recogni t ion sequence for  t h i s  
p roces s ing s i te i s  wel l character i zed ( Pa l en e t  a l ,  1 9 8 7 ; 
Ranga r a j u et a l , 1 9 9 1 ;  Rangar a j u and Harr i s ,  1 9 9 1 ) . 
Proxima l to the proces s ing s i te recogn i t ion s equence,  pro­
GnRH / GAP cont a i n s  a s i ng l e  T rp res i due wh i ch f a c i l i t a t es 
f luores cence ana l ys i s  o f  the proces s i ng s i t e region . 
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Hypot h a l ami c gonado t rop in- rel ea s ing ho rmone ( GnRH ) i s  
an ami dated decapept i de whi ch i s  released f rom 
neurosecret o r y  granul es . GnRH s t imu l a tes the sec ret i on o f  
l eu t en i z i n g  hormone ( LH )  and f ol l i c l e  s t imul a t i n g  hormone 
( FS H )  f rom anter i o r  p i t u i t a r y  gonadot roph cel l s  v i a  
recep t o r  med i ated a c t ivat ion o f  phospho i no s i t i de hydro l ys i s  
(Morgan et a l , 1 9 8 7 ) . 
The p r imar y  s equence o f  pre-pro- GnRH / GAP has  been 
deduced f rom i t s  cDNA ( Seebur g  and Adelman ,  1 9 8 4 ; Adelman 
et a l ,  1 9 8 5 ) . The p rohormone ( p ro-GnRH/ GAP ) conta i n s  the 
sequence of GnRH and a 56 res i due pep t i de, t ermed GnRH 
as s o c i a t ed pept i de ( GAP ) ( Fi gure 3 ) . GAP inhib i t s  the 
rel ea s e  of p r o l a c t i n  and s t imu l a t es the relea s e  o f  
gonado t rop i c  pep t i des from cul tu red rat  p i tu i t a r y  cel l s  
( N i ko l i cs et a l , 1 9 8 5 ) . GnRH and GAP are c o - s ec r eted i n to 
the hypotha l amo -hypophysea l  po r t a l  b l ood o f  ova r i ec tomi z ed 
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ewes ( C l a r k  e t  a l , 1 9 8 7 ) , indi c a t ing that GAP i s  a l s o a 
s e c r e t o r y  p roduct o f  neuro s e c r e t o r y  granu l e s . Thi s concept 
is  suppor t e d  by  immunocytochemi c a l  evidence wh i ch s hows 
that GnRH and GAP are co- loca l i zed i n  h ypo tha l am i c  
neuro s ec r e t o r y  granu l e s  o f  t h e  ra t  ( Ki ng and Anthon y ,  1 9 8 3 ;  
P h i ll ip s  e t  a l , 1 9 8 5 )  and p r imat e  ( Song e t  a l ,  1 9 8 7 ) . 
GAP - r e l eas ing  e n z yme was d i s covered i n  t h i s  l ab and 
s ub s e quent l y  ident i fi ed a s  a candidate proc e s s ing  en z yme o f  
pro-GnRH / GAP b y  i t s  abi l i t y  to spec i f i ca l l y  c l e ave p ep t i de 
sub s t r a t e s  ( Pa l en e t  a l , 1 9 8 6 ) . GAP- r e l a s ing  e n z yme i s  a 
memb rane bound p r o t e a s e  found i n  hypo tha l am i c  
neuro s e c r e t o r y  granul e s . I t s  re cogn i t i on s e quence has  been 
mapped  to e i ght  r e s i dues  ( G6LRPGGKR13 ; Figure 3 ) , and i t s  
cha r a c t e r  i s  cons i s tent with  that o f  other  subt i l i s in- l i ke 
proprot e in conve r t a s e s  ( Pa l en e t  a l , 1 9 8 7 ; Ranga r a j u and 
Har r i s ,  1 9 9 1 ) . GAP- r e l e a s ing enzyme has not yet  been 
s e quenced,  but it  is  i mmuno l o g i ca l l y  r e l ated to PC 1 / 3  
( Ranga r a j u and Harr i s ,  1 9 9 2 ) . Thus , GAP- r e l ea s ing  e n z yme 
i s  l i ke l y  a membe r of the sub t i li s i n- l i ke prop ro t e i n  
conve r t a s e  f ami l y  and i s  cons idered the phy s i o l o g i ca l l y  
r e l evant p r oce s s ing e n z yme o f  pro-GnRH / GAP . 
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Three  d i s t i nc t  e n z yme a ct i v i t i e s  are  nece s s a r y  to 
pro c e s s  p ro - GnRH / GAP to func t ional  GnRH and GAP . Al l t h r e e  
a c t i vi t i e s h a v e  b e e n  loca l i zed i n ,  and pur i f i e d  f rom, 
h ypo t h a l am i c  neuro s e c r e t o r y  granu l e s  ( Ranga r a j u et a l , 
1 9 9 1 ) . The three  e n z ymes a re  GAP- r e l eas ing  e n z yme , 
C a rboxypept i das e  E ,  and a-Ami dating  e n z yme . 
Endopro t e o l ys i s  b y  GAP - r e l ea s i ng en z yme occurs i ni t i a l l y  
and y i e lds  e qu imo l a r  amount s o f  GAP and a three  r e s i due  C­
t ermi n a l  e x t en s ion of GnRH . Carbox ypept i da s e  E and a­
Ami da t i n g  e n z yme s e rve to further proce s s  t h i s  C - t e rmina l 
e x t en s i on o f  GnRH . 
GAP- r e l e a s ing  e n z yme i s  act ive o n l y  i n  the neu t r a l  pH 
range and has  opt ima l a c t i v i t y  a t  pH 7 . 2 .  C a rboxypep t i da s e  
E has  max ima l act i v i t y  at  p H  5 . 5  and i s  inact ive a t  pH > 
7 . 5 . a-Amida t ing e n z yme i s  opt ima l l y  act ive a t  neu t r a l  pH 
but has sUb s t ant i a l  a c t i v i t y  at  l ow pH ( 4 . 5 - 6 . 5 ) and h i gh 
pH ( 9 - 1 0 . 5 ) . Thes e  da t a  a re  cons i s t ent w i th the h ypo t he s i s  
that endopro teo l ys i s  t a k e s  p l ace i n  the TGN , whe r e  the pH 
is near neutr a l i t y ,  and that further p roce s s ing  occurs in 
s e c re t o r y  granu l e s , whe r e  the pH is approxima t e l y  5 . 5 .  
GAP - relea s i ng enz yme spec i f i ca l l y  c l eaves pep t i de 
s ub s t ra t es encomp a s s ing  i t s  recogn i t i on s equence on the C­
term i n a l  s i de o f  the Lys-Arg doub l et . T h i s  occurs  whether 
the recogni t i o n  s equence i s  s i tuated w i t h i n  the f ramewo r k  
o f  p ro - GnRH / GAP o r  p ro-ANF,  the precursor  t o  a t r i a l  
natr i uret i c  f actor  ( ANF )  ( Ranga r a j u and Har r i s ,  1 9 9 1 )  
However , GAP- relea s ing  en z yme does no t act  a t  the 
recogn i t i o n  s equence for a t r i a l  granule ser i ne proteinase 
(AGS P ) , the put a t i ve endoproteo l y t i c  proces s i ng enz yme o f  
p r o - AN F ,  even when t h i s  sequence i s  s i tuated w i th i n  the 
f r amewor k  o f  p ro - GnRH / GAP . Al s o ,  AGS P  does not act  a t  the 
recogni t i o n  s equence o f  GAP- relea s i n g  enz yme i n  ei ther 
contex t  ( p ro- GnRH / GAP or pro-ANF) . The recogni t ion 
sequences for GAP - r el ea s ing en z yme ( GLRPGGKR ) and AGS P  
( APRS LRR ) a re s im i l a r  i n  that both con t a i n  a diba s i c  s i t e  
as  wel l a s  a n  upstream bas i c  amino a c i d  res idue . These 
res u l t s  are cons i s tent  w i t h  the i dea that the proces s i n g  
s i t e recogn i t i on s equence for GAP - r el eas ing  enz yme ex i s t s  
as  a def i ned s t ructural  feature i n  p ro-GnRH / GAP and that  
this  featu re con t r ibutes to p roces s ing  enz yme spec i f i c i t y . 
Pre-pro-GnRH/ GAP and GAP have been succes s fu l l y  
a s s emb l ed i n  a s t epw i s e  s o l i d-phase c o s ynthes i s  us i ng Boc 
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chemi s t r y  and an opt imi zed acyl a t i on s chedu l e  ( M i l ton e t  
a l , 1 9 9 2 ) . Recomb inant GAP ha s  been p roduced i n  bac t e r i a  
and h a s  been s hown to s t imul a t e  the r e l e a s e  o f  L H  and FSH 
and to i nh i b i t  the r e l e a se  of p r o l a c t i n  f rom c u l t u red  r a t  
p i t u i t a r y  c e l l s  ( Ni ko l i cs e t  a l ,  1 9 8 5 ;  S e eburg e t  a l , 
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1 9 8 7 ) . Chemi c a l l y  s ynthe s i z e d  GAP has  been s hown to e x e r t  
t h e  s ame b i o l o g i c a l  a c t i v i t y  a s  t h e  bact e r i a l l y  der ived 
pept i de (Mil ton e t  a l ,  1 9 92 ; ) . These  r e su l t s  i ndi c a t e  that  
s ynthe s i s  and / o r  expre s s i on of  pro-GnRH / GAP i s / ar e  f e a s i b l e  
and that peptides  der ived f rom such prepar a t ions a r e  l i ke l y  
to pos s e s s  the approp r i ate  b i o l o g i c a l  a c t i vi t i e s . 
We have a s s e s s ed the con f o rma t i on a l  propert i e s  o f  
s ynthe t i c  p re -pro-GnRH / GAP ( You e t  a l ,  1 9 9 3 a ) . The 
f luo r e s cence emi s s i on max imum due to the two T rp r e s i du e s  
i s  blu e  s h i f t e d  r e l a t ive to N ( Ac ) - T rp - amide i ndi cat ing  t h a t  
Fluores cence  the s e  r e s i du e s  a re  bur i ed within  the p ro t e i n . 
po l a r i zat i o n  mea s u r emen t s  indicate  that the 
m i c roenvi ronment ( s )  of  the two Trp r e s i dues  i s ( ar e ) 
r e s i s ten t  to the rma l i nduced conformat iona l change . CD  
spe c t r o s copy con f i rmed the s e  r e s ul t s ; the p r o t e i n  r e t a i n s  
nea r l y  5 0 %  o f  i t s i n i t i a l  h e l i c a l  charac t e r  a t  9 0°C . 
However , both f luorescence and CD spectroscop i e s  reve a l ed 
that  the prot e i n  s t ructure i s  sens i t ive to changes i n  pH . 
I nt r i n s i c  f l uores cence due to T rp i s  s eve r e l y  quenched on 
e i th e r  s ide of  the neutral  pH range . L i kewi s e ,  the 
r e l a t ive mean r e s i due e l l ip t i c i t y  a t  2 2 2  nm , an i ndex o f  
he l i c a l  content , decreases  ma r kedl y out i de the neut r a l  pH 
range . Thu s , p re -p ro-GnRH/ GAP d i s p l ays max imum s t ructure  
only  over the pH 7 . 1 - 7 . 9  range . 
W i th i n  the pH 7 . 8 - 8 . 2  range , GAP - r e l e as i n g  e n z yme 
h ydro l y z e s  p r e - p r o - GnRH/ GAP to y i e l d  GAP . T r yp s i n ,  
k a l l i k re i n ,  and p l a smin a l l  y i e l d  mu l t ip l e  produ c t s  unde r 
s imi l a r  condi t i ons . Thu s , i t  appears  that  o n l y  GAP­
r e l e a s i ng  e n z yme d i s p l a ys l imi ted speci f i c i t y .  
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There  i s  a s t rong co r r e l a t i on be tween the s t ru c t u r a l  
i n t e g r i t y  o f  p r e -p ro-GnRH / GAP i n  the neu t r a l  pH r a n g e  and 
the optimal  endoproteo l yt i c act i v i t y  of GAP - r e l e as ing  
e n z yme a t  neu t r a l  pH . Thi s suppor t s  the hypo t he s i s  that  
the p roce s s ing s i t e  re cogni t ion s e quence mus t  ex i s t  a s  part  
o f  a s t abl e  s t ructural  feature  whi c h  expo s e s  the proce s s i n g  
s i t e  to GAP- r e l e a s i ng en z yme i n  o rder for  spe c i f i c  c l eavage 
to occur . I t  i s  pos s ib l e  that changes i n  ce l l u l a r  
cond i t ions  s uch a s  p H  se rve to o rder  and r e gu l a t e  the 
proc e s s ing  p athway b y  a f f e c t i ng prot e i n  s t ructure . 
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Go a l s  o f  the current r e s earch . Comprehens ive 
b i ophys i c a l  and e nz yma t i c  anal ys i s  of  intact  p ro-GnRH / GAP 
is nece s s a r y  to d i s c e r n  the s t ructural  p rope r t i e s  of the 
p roces s i n g  s i t e  and to e s t ab l i s h  the i r  potent i a l  b i o l o g i c a l  
s i gn i f i cance . Hundred mg quant i t i e s  o f  prohormone a r e  
needed  f or  s t ru c t u r a l  s t ud i e s  and for  the eventua l 
det e rmi n a t i o n  o f  i t s  s o l u t ion conforma t ion by 
mul t i di mens i on al  NMR protoco l s . 
Thus , the immed i a t e  goa l s  o f  t h i s  p roj e c t  were : 1 )  t o  
p roduce i n t a c t  p ro-GnRH / GAP i n  s u f f i c i ent  y i e l d  and pur i t y  
t o  p e rm i t  b i ophys i c a l  ana l ys i s ,  and 2 )  t o  a s s e s s  the 
s t ru c t u r a l  organ i z a t i on o f  pro-GnRH/ GAP and i t s  r e spon s e  to 
changes  in  chemi c a l  condi t i ons such as  i on i c  s t rength , 
c a l c i um concen t r a t i o n ,  and pH . 
We  de s c r ibe the la rge  s c a l e  p repara t i on o f  fu l l  l ength  
pro-GnRH / GAP an d  s ub s e quent b i ophys i c a l  s tudi e s . We  s how 
that p r o - GnRH / GAP i s  amenab l e  to t o t a l  chem i c a l  s ynthe s i s ,  
a l though i t s  pur i fi cat ion has p roven prob l ema t i c .  We  
deve l oped a nove l s t rategy for bacte r i a l  exp r e s s i on o f  p r o ­
GnRH / GAP , whi c h  y i e l ded l arge  amoun t s  o f  pure  prohormone . 
We s how that  the s t ructure o f  pro-GnRH / GAP i s  sens i t i ve t o  
changes  i n  p H ,  b u t  no t to changes  i n  c a l c i um concen t r a t ion 
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o r  i o n i c  s trength . We furthe r demons t r a t e  that i n t a c t  p ro­
GnRH/ GAP conta ins  p r o t e i n - l i ke t e r t i a r y  s t ructure at  
neutr a l  pH . P r e l iminary  NMR da ta indicate  that 
det e rminat ion of  the thre e-dimens ional  s t ructure of  pro­
GnRH/ GAP ma y be  p robl ema t i c  at  neutr a l  pH . 
CHEMICAL SYNTHESIS OF PRO-GNRH/GAP 
Experi mental Strategy 
S i nce i t s incep t i o n ,  so l i d-phase pep t ide s ynthe s i s  h a s  
b e e n  a v i ab l e  me thod for t h e  preparat i on o f  h i g h l y  pur i f i ed 
p ep t i d e s  o f  known s t ructure (Mer r i f i e l d ,  1 9 6 3 ) . The 
deve l opment of s tandard methods ( c . f . , S tewa r t  and Youn g ,  
1 9 8 4 ) h a s  made pos s ib l e  t h e  rout ine  prepa r a t ion o f  pept i d e s  
u p  to 3 5  amino a c i d  r e s idues i n  chain- l engt h . Howeve r ,  
convent i on a l  me thods o f  s tepwi s e  so l i d-phase s yn th e s i s  a r e  
usua l l y  unsucce s s fu l  when app l i ed to many longer-chain  
pep t i de s e quence s .  The p r imar y  s e quence o f  p ro - GnRH / GAP 
cont a i ns 6 9  ami no a c i d  r e s i due s ;  the r e fore , we a t t empt e d  
i t s  s ynth e s i s  by  non-conve ntiona l  p rotoco l s . 
S t epw i s e  s o l id-pha se  pept i de synthe s i s . S t epw i s e  
s o l id-phase pept i de s ynthe s i s  i nvo l ve s  t h e  a s s emb l y  o f  a 
pept i de chain  whi l e  i t  i s  cova l ent l y  a t t ached to a s o l i d  
r e s i n  suppor t  ( fo r  review,  s e e  Kent , 1 9 8 8 ) . S ynthe s i s  
begins  w i th the a t t a chment o f  the C - t e rminal  r e s i due  t o  the 
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r e s i n  and ends w i t h  the i ncorpor a t i on o f  the N- t e rminal  
r e s i due . Chemi c a l l y  react i ve func t i onal  groups o f  the 
amino acid s i de chains  are protected during  s ynthe s i s  w i t h  
" b l o c king group s "  which c a n  be removed under de f ined 
chemi c a l  cond i t ions . Ami de bond forma t ion is  f a c i l i t a ted  
b y  the u s e  of  r eagent s s uch a s  c arbodi imides o r  various  
uroni um s a l t s . When  the s ynthe s i s  is  comp l e t e ,  the l i n kage  
be tween the C - t e rminal  r e s i due and the r e s i n  is  c l e aved and 
the b l o c king group s  are s imul taneou s l y  removed to y i e l d  the 
de s i re d  pept i de . 
Th er e  ar e  two bas i c  chemi s t r i e s  commonl y  u s e d  i n  
s o l i d-phase  pep t i de s ynthes i s  ( Fi gu r e  4 ) , whi ch di f f e r  
pr ima r i l y  w i t h  r e spe c t  t o  t h e  b l o c k i n g  g roups u s e d  t o  
p r o t e c t  t h e  a-amino group o f  t h e  individu a l  amino ac ids . 
I n  Boc chemi s t r y  protoco l s ,  the N-a Boc g roup i s  r emoved 
w i t h  T FA,  g i v i n g  r i s e to a t r i f luoroace t a t e  s a l t . The 
protonated amine is  subse quent l y  neut r a l i zed w i th a 
h inder e d  organ i c  bas e . I n  Fmo c chemi s t r y  protoco l s ,  the N-
a- Fmoc g roup is removed i n  a 0- e l iminat ion r e a c t ion 
i n i t i a ted  by p i p e r i dine , g iv i ng r i s e to  a neu t r a l  ami n e . 
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Figure 4 :  S tandard s trategies for solid-phase peptide 
synthesis . In Boc chemi s t r y ,  t he a-amino g roup i s  
depro t e c t e d  w i t h  T FA .  The re su l t i ng protonated amine i s  
neutra l i z ed  w i t h  a hindered organi c base p r i o r  t o  coup l ing . 
I n  Fmo c chemi s t ry ,  the  a-amino g roup i s  deprotected  w i t h  
p i p e r i d i ne , wh i ch y i e l ds a neut r a l  amine d i r e c t l y . I n  both 
protoco l s ,  pept i de bond forma t i on is  accomp l i shed v i a  
coup l i ng o f  a n  a c t i va te d  amino a c i d  de r i vat i v e . Adapted  
f r om K en t  ( 1 9 8 8 ) . 
Boc-Chemist 
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NH -AA-@ 2 n 
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I n  e i ther  procedur e ,  there  a re  l im i t a t i ons to the 
pept ide chain- l ength that c an be s ynthes i z e d ,  p r e s umab l y  
due t o  the cumu l at ive e f f ect  o f  i ncomp l e t e  pept i de bond 
forma t i on . Nonquan t i t a t i ve coup l ing  l eads to the 
accumu l a t i o n  " de l et ion pep t i de s "  mi s s ing  one o r  mo r e  amino 
acid re s i du e s  but r e t a i ning  prope r t i e s  very s imi l a r  to 
tho s e  o f  the de s i red produc t . As these  de l e t ion pept i d e s  
accumu l a t e ,  t h e  e f fe c t i ve y i e l d  o f  the target  pept ide 
decreas e s ,  and pur i f i c a t i on be come s i ncreas i n g l y  di f f i cu l t  
o r ,  i n  e x t r eme cas e s ,  impo s s ib l e . 
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S ome o f  the s e  pur i f i ca t i on prob l ems may b e  min imi z e d  
by  " capp i ng "  unreacted r e s i n-bound pep t i de c h a i n s  w i th 
agen t s  such as  a c e t y l  imida z o l e ,  thus t e rminat ing  the 
further ext ens i o n  of  the s e  s equences ( B arany and 
Me r r i f i e l d ,  1 9 8 0 ) . Ace t y l a t ion o f  the s e  " t e rmina t i on 
s e quence s "  o f ten fa c i l i t a t e s  the i r  sepa r a t i on f rom the 
target pept ide on the bas i s  of  d i f f erences  i n  charge and / o r  
s o l ub i l i t y .  
The p rob l ems a s s o c i ated with  i ncomp l e t e  coup l ing  are  
exacerbated by  the occurrence o f  so- ca l l ed " di f f i cu l t  
s e quenc e s "  (Merr i f i e l d ,  1 9 6 7 ;  Kent , 1 9 8 5 ;  Shoema ke r , 1 9 8 7 ) , 
whi ch exhi b i t  decreased coupl ing  yi e l ds l e ading to a 
g r e a t e r  accumu l a t ion  o f  s ho r t e r - ch a i n  pept i de impur i t i e s . 
D i f fi c u l t  s e quenc e s  a r i s e  prima r i l y  when the r e s in-bound 
pep t i de fo rms s econdar y  s t ructure and/or  i n t e rmo l e c u l a r  
aggreg a t e s  ( Me i s t e r  and Kent , 1 9 8 4 ;  Deb e r  e t  a l , 1 9 8 9 ) , 
both o f  which  may h i nder  the so lvent acce s s ib i l i t y  o f  the 
N- t e rmi n al  amino a c i d . Coup l i ng e f f i c i en c i e s  i n  some 
d i f f i cu l t  s e quences can be improved by s imp l y  t r e a t i n g  the  
s ynthe s i s  r e s i n  with  a chao t rop i c  agent  such as  KSCN p r i o r  
to  t h e  coupl i ng s tep ( S tewart and K l i s ,  1 9 9 0 ) . T h i s  i s  
exp e c t e d  t o  d i s rupt any o rgan i ze d  s t ructure a s s umed b y  the  
r e s in-bound p ep t i de . 
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The method o f  fragment condens a t ion . The t o t a l  
s ynthe s i s  o f  long-chain pept ides may be accomp l i shed b y  t h e  
conden s a t i on o f  two or  mo re sho r t e r - ch a i n  pep t i de f r a gmen t s  
( Kub i a k  e t  a l , 1 9 8 7 ) . I n  a s t ra te gy  deve loped i n  t h i s  l ab 
( You et  a l , 1 9 9 3 b ) , the " C-mo s t "  t e rminal  fragment i s  
s ynthe s i zed w i t h  Boc chemi s t r y ,  us ing s t rong a c i d  l ab i l e  
b l o c k i ng group s  ( Fi gure  5 ) . Th i s  fragment rema ins  a t t ached 
to i t s  s yn th e s i s  r e s i n  dur ing condens a t ion with other 
pept i de f r a gment s .  Al l other fra gments  are s yn th e s i z ed 
w i th Fmoc chemi s t r y ,  a l so us ing s t rong acid l ab i l e  b l o c k i ng 
groups . The s e  f ragments a re  c l e aved from the i r  s ynthe s i s  
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Figure 5 :  S trategy for the use o f  fragment condensation in 
solid-phase peptide synthesi s. The C - t e rmina l f r a gment i s  
s ynthe s i z ed  b y  Soc chemi s t ry protoco l s .  Other  fragme nts  
a r e  s ynthe s i zed  by Fmoc chemi s t r y  protoco l s  us ing  s t rong 
a c i d  l ab i l e  bl oc king g roups ( s haded area s )  and a re c l eaved 
f rom the r e s i n  i n  d i l ut e  T FA .  Ful l y  protected Fmoc ­
pept i d e s  a r e  coup l ed a s  the i r  -OSt e s t e r s , and the  N­
t e rmina l Fmoc g roup is  removed w i th pipe r i dine . The  fu l l  
l e ngth pept ide i s  c l e aved f rom the r e s i n  and s imu l t aneou s l y  
depro t e c t e d  w i t h  H F .  Adapted f rom You et  a l  ( 1 9 9 3 b ) . 
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r e s i n s  i n  d i l ut e  T FA,  l e aving t h e  N- t erminal Fmo c g roup and 
the s i de chain  p r o t e c t i n g  group s  i n  p l ace . Ful l y  p r o t e c t e d  
p ep t i de f r agments a re  a c t ivated w i t h  a coup l ing  r e agent 
such a s  D I C / HOBT and s e quent i a l l y  condensed w i th the r e s in­
bound pept i de . The ful l - l ength pept i de is  then  dep r o t e c t e d  
and pur i f i ed acco rding to t radi t ional  protoco l s . 
Coupl ing v i a  in situ neut r a l i z a t ion i n  s tepw i s e  s o l id­
phase  p ept i de s ynthe s i s . Another app roach to the s ynthe s i s  
o f  long cha i n  pept i de s  i s  t o  imp rove the e f f i c i ency  o f  
s t epwi s e  p rocedure s  b y  minimi z ing the aggregat i on that  
might  o c cu r ,  c r e a t i ng d i f f ic u l t  s e quence s .  Aggr e ga t i on 
general l y  occurs  when the t e rminal amino group o f  the 
r e s in-bound pep t i de is  i n  its  neut r a l  charge s ta t e  
( S chnb l z e r  et  a l , 1 9 9 2 ;  Mi l ton e t  a l ,  1 9 90;  Naka i e ,  1 9 9 0 )  
The r e fo r e ,  the p robl ems caused b y  aggregation may be 
minimi z e d  b y  l im i t i ng the t ime that the f r e e  amino group 
ex i s t s  as  a neut r a l  spec i e s . 
The u s e  o f  i n  si t u  neut r a l i z a t ion has been s hown to 
imp rove the e f f i c i ency o f  the coup l ing step  i n  Boc 
chemi s t r y  pep t i de s ynthe s i s  ( S chnb l z e r  et  a l , 1 9 9 2 ) I n  
t h i s  p r ocedure ( Fi gure  6 ) , the t e rminal  amino group i s  
deprotected  i n  concent rated T FA whi c h  d i s rup t s  any 
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Figure 6: S trategy for the use of in situ neutralization in 
solid-phase peptide synthes is . The N-a-Boc g roup i s  
removed w i th neat T FA .  The act i ve amino a c i d  i s  added t o  
the protonated r e s i n  a l ong w i t h s u f f i c i ent ba s e  t o  
neut r a l i z e the r e s i n  bound ami ne . Adapted f rom S chnb l z e r  
e t  a l  ( 1 9 9 2 ) . 
Boc-AAn-Resin 
TFA 
Boc-AA(n_1 rCOOR 
+ TEA 
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s econda r y  s t ructure  o r  i n t e rmo l e c u l a r  aggregat e s , and 
neut r a l i z a t i on doe s  not occur p r i o r  to coup l i ng .  Rath e r ,  
t h e  neut ra l i z in g  b a s e  f o r  the re s in-bound pep t i de i s  added 
together  w i th the a c t i va t ed amino a c i d  to the coupl i ng 
react i on . Thu s , coup l i ng proceeds qui c k l y ,  and the 
exposur e  t ime of  the f re e  amine i s  min imi zed . T h i s  method 
has  been app l i e d  succes s fu l l y  to the s t epw i s e  s ynthe s i s  o f  
the H IV- l p r o t e a s e ,  a 9 9  amino a c i d  pro t e i n  ( S chnb l z e r  e t  
a l , 1 9 9 2 ) . 
Chemi c a l  s ynthe s i s  o f  pro-GnRH / GAP . The methods o f  
f ra gment conde n s a t ion and s t epw i s e  in situ neut r a l i z a t ion 
coup l i n g  were  app l i ed s eparately i n  an a t t empt to 
chemi c a l l y  s ynthe s i z e  s u f f i c i ent amoun t s  of  p ro - GnRH / GAP 
prote i n  for s t ructural  s tudi e s . 
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I t  has  b e en shown that the d i s u l f i de b r i dged dimer o f  
GAP i s  b i o l og i c a l l y  inact ive (Abrahamson e t  a l ,  1 9 8 7 ) . 
Thus , f o r  chemi c a l  s ynthes i s ,  Cys  4 0  wa s replaced b y  S e r  to 
p r e c l ude the f o rma t i on of  i n t e r cha in  di s u l f i de s  dur ing 
s ynthe s i s  and pur i f i c a t i on . S e r  share s many of  the s ame 
phys i cochem i c a l  prope r t i e s  a s  Cys , and t h i s  subs t i tut i on 
was not expected to a f f e c t  the s t ructure o f  the f i n a l  
pur i f i e d  prot e in . 
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A Met r e s i due  was added to the N - t e rminu s , immed i a t e l y  
b e fore  G i n ,  to  p revent rearrangement to pyroglut am i c  a c i d  
( pG lu ) , and to a l l ow N- t e rminal  s e quence ana l ys i s  o f  the 
f inal  p roduc t . This  Me t r e s i due can a l so function  a s  an 
i n t e r n a l  s t andard for amino acid compo s i t iona l ana l ys i s . 
Our intention was to remove Met w i th B rCN a ft e r  the 
s ynthet i c  p r o t e i n  was ful l y  characte r i z e d ,  thus forming the 
native p r o t e i n  s t ructure . 
Deve l opmen t  o f  pro-GnRH / GAP immuno a s s a y . We needed an 
a s s a y  that  coul d  detect  p ro- GnRH / GAP in impure mixtures  and 
that cou l d  di s t ingu i s h  ful l l ength p rohormone f rom c l e avage 
p rodu c t s  gene r a t e d  b y  proce s s ing e n z yme s . Amino a c i d  
ana l y s i s  and N - t e rminal  s e quence ana l y s i s  are  u s e ful  
me thods f or  cha rac t e r i z a t ion o f  pure prote ins . Howeve r ,  
such exp e r imen ts  u s ua l l y  y i e l d  amb i guous resu l t s  when t h e y  
are  app l i ed to comp l e x  pep t ide mixtur e s . SDS- PAGE and HPLC 
are  o ften u s e fu l  in detect ing p ro t e i n s  i n  comp l e x  mixture s . 
Howeve r ,  SDS- PAGE may not o f f e r  s u f f i c i ent sens i t i v i t y  to 
d i s t i ng u i s h  fu l l  l ength p ro- GnRH/ GAP f rom the expected 
c l eavage produ c t s  ( GnRH and GAP ) . Pro-GnRH/ GAP and GAP 
have s imi l a r  chain  l engths ( 6 9 and 5 6  res i due s ,  
r e sp e c t i ve l y ) , and GnRH may not s t a i n  s u f f i c i ent l y  to be  
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v i s i b l e  i n  SDS g e l s .  Unequ ivo c a l  i den t i f i ca t i on o f  ful l 
l ength p ro-GnRH/ GAP b y  H PLC ana l y s i s  wou l d  r e qu i r e  p revious  
know l e dg e  o f  i t s r e t ent i on t ime obta ined through the u s e  o f  
a s t andar d . 
We deve loped an E L I SA to i dent i f y ful l l ength pro­
GnRH / GAP and to mon i tor  i t s  proteo l ys i s . A pept i de 
immunogen was s ynthe s i ze d  whos e  s e quence spans the 
p roc e s s i n g  s i t e  and encomp a s s e s  the ent i r e  p u t a t i v e  
recogn i t i on s e quence ( Fi gure  7 ) . W e  po s tu l a t e  that  t h e  
proc e s s i n g  s i t e  o f  p ro-GnRH / GAP ex i s t s  as  p a r t  o f  a de f i ned  
s t ru c t u r a l  f e a ture  a t  the surfa c e  of  the propro t e i n . 
There fo r e ,  ant i s e r a  r a i sed a g a i n s t  the immunogen were  
expecte d  t o  recogn i z e  i ntact  pro-GnRH / GAP . Furthe r ,  the 
immunoa ct i v i t y  o f  pro-GnRH / GAP was expe cted to be abo l i shed 
by  p r o t eo l y s i s  of  the proce s s ing  s i t e . 
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Figure 7 :  Primary amino acid sequence of pro-GnRH/GAP 
proce s s ing s i te immunogen . The recognition sequence for 
GA P-rel easing enzyme is indicated by under lined bold-face 
type . The N- and C-termini were acety lated and amidated, 
respectively, to better represent the structure of this 
sequence in the intact prohormone. A Cys residue was added 
to the C-terminus to facilitate hapteni zation. 
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Ac-S-Y-G-L-R-P-G-G-K-R-D-A-C-NH2 
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Materials and Methods 
Pept i de synthe s i s . Al l pept ides were  s ynthe s i zed by 
s o l i d-pha s e  methods ( c . f . ,  S t ewart and Young , 1 9 8 4 ) on a 
Model 9 6 0 0  pept i de s ynthe s i z e r  ( Mi l l i gen/Si o s e a rch ) ,  a 
Coup l e r  1 0 0 0  semi - automated s ynthe s i z e r  ( Vega / Dupont ) ,  o r  a 
manu a l  bench- t op apparatus , us ing 0 . 2 - 1 . 0  g o f  the 
approp r i at e  s ynthe s i s  re s i n .  Soc s ynthe s i s  was done on 
phenyl a ce t am i dome thyl  ( PAM ) r e s i n  (Advanced Chern T e ch ; 
0 . 3 5 - 0 . 8 2 mmo l / g  r e s i n  sub s t i tut ion l eve l ) .  Fmoc s ynth e s i s  
w a s  done o n  di l u t e  a c i d  suscept i b l e  ( DASR I N )  r e s ins  ( The 
Pep t ide  Laboratory ; 0 . 1 - 0 . 9 6 mmo l / g  sub s t i t ut ion l eve l ) .  
D i i sop ropy l c a rbod i i mide ( DI C ) , hydroxyben z ot r i a z o l e  ( HOST ) , 
and 2 - ( 1 - H -benzot r ia z o l - 1 - y l ) - 1 , 1 , 3 , 3 - t e t rame t h y l u ronium 
hexa f l uo ropho sphat e  ( HSTU )  were  used as  coupl i ng reagent s . 
D i c h l o rome thane ( DCM ) and dimethyl f ormamide ( DMF )  were  the  
t yp i c a l  react i on sol vent s .  
Synthe s i s  o f  pro-GnRH /GAP by f r agment condensat i on . 
T o t a l  s ynthe s i s  o f  pro -GnRH /GAP was a t t empted  us ing  a 
previ ou s l y  de s c r ibed met hod f o r  condensat ion o f  i ndividua l 
pept ide f ragment s  ( Y ou e t  a I , 1 9 9 3 b ) . 
s cheme s were  dev i s ed ( Fi gure  8 ) . 
Seve r a l  a s s embl y  
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Figure 8 :  Fragment condensation schemes for synthes i s  o f  
pro-GnRH/ GAP . Each f ragme nt is  named pGnRH f o l l owed by  a 
four  d i g i t  numb e r  whi ch repre s ent s the numbers  o f  the  f i rs t  
and l a s t  r e s i dues  r e l at ive t o  the pr ima r y  s e quence o f  f u l l  
l ength pro-GnRH /GAP . The N - t e rminal  f ragment i s  named 
pGnRHM l 1 3  to  i dent i f y the Met r e s i due at  the - 1  pos i t i on . 
Where approp r i at e ,  s i de cha in b l o c k ing g roups are  ind i ca t e d  
by " X U . The b l o c k ing g roups used we re  2 -B r - Z  ( Y ) , 2 - C I - Z  
( K ) , B z l  ( D , E , S , T ) , and T o s  ( H , R ) . 
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x xx x xx 
I I I  I I I  
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C - t e rmina l fra gments  were s ynthe s i zed b y  Boc chemi s t r y  
p ro t o co l s . The pep t i de - r e s i n  was washed w i th 0 . 8  M KSCN i n  
DMF p r i o r  t o  each coup l ing ste p  t o  d i s rupt any seconda r y  
s t ructu r e  o r  i n t e rmo l ecu l a r  aggregate s .  Ac e t y l imida z o l e  
( 0 . 3  M )  w a s  u s e d  to " cap" unext ended s equence s  fo l lowing 
each coupl i ng s t ep . M i dd l e  and N- t e rminal  fragment s  we r e  
a s s emb l ed us ing  N ( acyl ) Fmoc de r i va t i z ed ami no a c i d s  who s e  
s ide cha i n s , whe r e  approp r i ate , w e r e  b l o c k e d  w i t h  s t rong 
a c i d  l ab i l e  p r ote c t ing groups ( Advanced Chern T e c h )  . The N-
t e rminal  Fmoc g roups were intentiona l l y  l e f t  on t h e s e  
fragmen t s  b y  e s caping t h e  no rma l s ynthe s i s  p rotocol  p r i o r  
t o  t h e  f i n a l  dep rote c t ion s t ep . 
Fo l l owing s ynthes i s ,  the ful l y  protected  Fmoc p ep t ides  
were  c l e aved f rom the i r  s ynth e s i s  r e s ins us i ng 3 0 %  ( v/ v )  
T FA- 2 . S % an i s o l e  i n  DCM ( room t emp e r a t ur e ,  2 h r ) . 1 mg/ml 
indo l e  was added to the c l e avage cockta i l  of the N- t e rm i n a l  
fragment as  a s c avenger for T rp . T h e  r e s i n-pept i de 
mixtures  were f i l t e r e d ,  and the so lvent s were removed by  
rotary  evapor at i on unde r reduced pres sure . The r e s i dues  
were washed s evera l  t ime s w i t h  abso lute  me thano l . Finall y ,  
the pep t ides  were p r e c i p i t a t ed f rom me thano l w i t h  
d i e th y l e ther . The pep t i de s  were re covered by  f i l t r a t ion . 
The Fmoc peptides  were d i s s o lved in DMF ,  DMF/DMSO 
( 1 : 1 ) , o r  DMS O  and conve rted t o  the i r  -OBt act i ve e s t e r s  
f o r  coup l ing to t h e  r e s i n-bound C - t e rmi na1 pept i de . 
Coup l ing  was a t t empte d  u s i n g  a 2 . 5 - fo l d  mo l a r  exc e s s  o f  
Fmoc pept i de ove r t h e  r e s i n-bound pep t ide ( room 
temp e r a t u r e , 2 h r ) . The progre s s  o f  the coupl i ng reac t i on 
was moni to red  b y  n i nh ydr i n  a s s a y  ( S a r i n  e t  a i , 1 9 8 1 ) . 
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S t epw i s e  s ynthe s i s  o f  pro-GnRH / GAP w i t h  i n  situ 
neu t ra l i z a t i on . S ynthe s i s  o f  ful l l ength pro-GnRH/ GAP was 
a t t empt e d  i n  a s t epw i s e  fa shion us ing  an adapta t i on of a 
recent l y  de s c ribed Boc chemi s t r y  protocol  ( S chnb l ze r  e t  a i , 
1 9 9 2 ) i n  which coupl ing i s  accomp l i shed v i a  in situ 
neut r a l i z a t ion . Fo r automa ted s ynthe s i s ,  un i que  programs 
were wr i t ten i n  the l anguage of the Mode l 9 6 0 0  to  
accomp l i sh the de s i red protoco l s . 
The N - t e rminal  Boc group was r emoved w i th neat  T FA o r  
9 5 %  T FA- 5 %  ani s o l e  ( 2  X 1 min ) . HBTU w a s  u s e d  as  the 
p r ima r y  coup l ing rea gent . P r i o r  to coup l i n g ,  amino a c i ds 
( 0 . 4  M )  were  a c t i va t ed w i th HBTU ( 0 . 3 8 M )  and t r i e th y l amine 
( TEA ) ( 0 . 7 5 M)  f or  2 min . The amount o f  TEA u s e d  was 
s u f f i c i ent for the neut r a l i z a t ion of the Boc- amino a c i d  
p l u s  2 equ i va l en t s  r e l a t i ve t o  t h e  protonated r e s i n . HOBT 
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w a s  i n c l uded i n  a n  e quimo l a r  amount f o r  coup l ing o f  Asn and 
G l n . The s ynthes i s  r e s i n  was washed w i t h  0 . 8  M KSCN i n  DMF 
be tween s t e p s  to minimi z e  the potent i a l  forma t ion o f  
s econdar y  s t ructure  o r  i n t e rmo le cu l a r  aggregat e s . A f t e r  
conj uga t i on o f  G l n ,  t h e  r e s i n  w a s  washed w i th DCM 
imme d i a t e l y  b e fore  and a ft e r  T FA- c a t a l yzed  removal o f  the 
Boc g roup to p r event conver s i on to pyrrol idone c a rbox y l i c  
a c i d  ( Schnb l z e r  e t  a l ,  1 9 92 ) 
C l e avage , deprot e c t i o n ,  and pur i f i ca t i on o f  synthe t i c  
pro- GnRH / GAP . The p ep t i de was c l e aved from the r e s i n  w i th 
s imu l t aneous r emoval o f  a l l  s i de cha i n  pro t e c t ing groups 
fo l l owing  the l ow-h i gh H F  procedure ( T am e t  a l , 1 9 8 3 )  
Fi r s t , the p ep t i de - r e s i n  was tre a te d  with  a mixture  
cons i s t i ng o f  anhydrous H F  ( 2 5 % ,  condensed f rom the ga s ) , 
dime t h y l  s u l f i de ( DMS ) ( 6 5 % ) , p - c r e s o l  ( 7 . 5 % ) , and p ­
t h i o c r e s o l  ( 2 . 5 % )  for  2 hr  at  OoC .  T h e n ,  H F  and DMS w e r e  
removed i n  vacuo , and the reaction ves s e l  was recharged 
with anhydrous H F  for an add i t ional  4 5  min at  O°C . H F  was 
removed i n  vacuo , and the r e s i n/pept i de mixture  was 
co l l ec t e d  by f i l t r a t ion . 
The pept i de was extracted f rom the spent r e s i n  w i th 
succe s s i ve was hes  o f  methano l ,  5 0 %  ( v / v )  me thano l i n  wat e r ,  
wate r ,  and 5 0 %  ( v / v )  acet i c  a c id  i n  wat e r  ( 2 0  m1 p e r  gram 
re s i n ) . The s o l vent was removed b y  rotary  evapor a t i on 
under  reduced p r e s sure . The pept i de was so l ub i l i zed in  
water  a n d  r e covered b y  l yophi l i z a t i on . The  l yoph i l ys a t e  
w a s  t h e n  redi s so lved i n  w a t e r  and s ubj ected  to preparat ive 
reve r s e -phase  HPLC . 
High per fo rmance l i qu i d  chromatography ( H PLC ) . 
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P r ep a r a t i ve and anal yt i c a l  reve r s ed-phas e  HPLC was done on 
a S himadzu LC- SA ( prepara t i ve )  or  LC - 6A ( an a l yt i ca l ) B i n a r y  
Gradi ent S ys t em . S epa ra t ions we re achi eved on C- 1 S  co l umns 
whi ch were t yp i ca l l y  deve loped i n  a l inear  gradi ent of 0 . 1 % 
( v / v )  T FA i n  wat e r  to S O %  ( v/ v )  aceton i t r i l e  i n  0 . 1 % T FA .  
Ami no a c i d  compos i t ional  ana l ys i s . S amp l e s  were 
subj e c t ed to acid hydro l ys i s  i n  6 N HCl  in  s e a l e d ,  
evacuated  g l a s s  tubes for 2 0  hr  at  1 1 0°C . Al t e rnat i ve l y ,  
s amp l e s  were  s ub j ected t o  vapor phase  a c i d  hydro l ys i s  
( Savant AP 1 0 0  AminoP rep Autohydro l yz e r ) . The h ydro l ys i s  
mixture  was dr i ed ( Spe edvac ) and redi s s o l ved i n  0 . 1  N HCl . 
Samp l e s  were  ana l yzed  b y  reve r s ed-pha s e  HPLC ( Hewl e t t  
Packard Ami noQuant S ys tem ) . Ami no a c i ds were detected  
f l uo r ime t r i c a l l y  a f t e r  der i vi t i z at ion w i th o-phtha l dehyde 
( Benson and Hare , 1 9 7 5 ) . Al l ana l yses  were per formed a t  
Commonw e a l t h  B i o te chno l o gi e s , I nc . ,  Richmond , VA . 
N - t e rminal  s equence analys i s . Pept ide s e quenc e s  were  
det e rmined b y  automate d  Edman degrada t ion chemi s t r y  ( Edman 
and B e g g ,  1 9 6 7 ; N i a l l ,  1 9 7 3 ) . S amp l e s  were l oaded on a C -
1 8  s e quencing c a r t r i dge i n  2 %  T FA i n  wat e r . The s e quence 
anal ys i s  was p e r formed on a Hewl e t t  Packard HP G 1 0 0 5A 
Prote i n  S e quenc e r . Al l ana l ys e s  were p e r fo rmed at  
Commonwea l t h  B i o te chno l o gi e s , I nc . ,  R i chmond , VA . 
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SDS - PAGE . S amp l e s  were sub j ected  to S OS - PAGE ana l y s i s  
according t o  the me thod o f  Laemm l i  ( 1 9 7 0 ) . S amp l e s  were 
recon s t i tuted  i n  the approp r i a t e  loading bu f f e r  ( wi th or  
wi thout 2 -mer captoe thanol ) , heated at  9 0°C for  2 min,  and 
subj e c t ed to PAGE at 1 0 - 2 0  rnA con s t ant current . P ro t e ins  
were v i s ua l i z e d  w i t h  e i th e r  Cooma s s i e  B r i l l i ant Blue  o r  
S i l v e r  S t a i n . The apparent mo l e c u l a r  we i ght  was de t e rmined 
by the r e l a t ive mob i l i t y  i n  comp a r i son to mo l ecu l a r  we i ght  
s tandards ( I nt e grated S eparat ion S y s t ems ) . 
P r epa r a t i on o f  pro-GnRH / GAP ant i s e r a . The pept i de 
immunogen was s ynthe s i ze d  b y  sol id-pha s e  methods . I t  was  
then hap t en i z ed  to keyho l e  l impe t  hemocyani n .  Rabbi t  
ant i s e r a  r a i s e d  a ga inst  t h i s  preparat ion were  provided b y  
Commonwea l th B i o t echno l o g i e s , I nc . ,  Ri chmond, VA . 
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P r o - GnRH/ GAP E L I SA .  The int e g r i t y  o f  the proc e s s ing  
s i t e  i n  p r o- GnRH / GAP was  a s s e s sed i n  proteo l y zed  and 
nonproteo l y zed s amp l e s  by E L I SA .  Individual we l l s o f  a 
mi c ro t i t e r  p l a te  were pas s i ve l y  coated ( 2  h r ,  room 
t emp e r a t u r e ) w i t h  5 0  �l  o f  prohormone p repa r a t ion di l u t e d  i n  
pho sphate b u f f e red  s a l ine  s o l u t ion ( PBS ; 1 0  roM sodium 
pho sph a t e , 1 5 0  roM sodium ch l o ri de , pH 7 . 2 ) . The prohormone 
s amp l e s  were  r emove d ,  and the we l l s  were washed 2 t imes 
w i t h  PBS . The we l l s were then b l o c ked ( overn i ght , room 
t emp e r a t ur e ) w i t h  3 0 0  �l BSA/ PBS ( 3 % w/v  bovine s e rum 
albumin , 0 . 0 2 %  w/v  sodium a z i de i n  PBS ) . The b l oc k i n g  
s o l ut io n  was removed ,  and t h e  we l l s we re washed 4 t ime s 
w i t h  PBS . 
Rabbi t  ant i s e r um was t yp i c a l l y  di luted  1 : 1 , 0 0 0  i n  
BSA/ PBS and 5 0  � l  added to each we l l . The p r ima r y  ant i s e r um 
was r emoved ,  and the we l l s  were washed 4 t ime s w i t h  PBS . 
Al ka l i ne phosph a t a s e  l abe l l ed goat an t i - rabb i t - I gG 
( B i o source I nt e rn a t i ona l ) wa s t yp i c a l l y  di luted  1 : 1 , 0 0 0  and 
50 �l added to each we l l  ( 2  hr , room temperature ) .  The 
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s e conda r y  ant ibody was r emoved,  and the we l l s  were washed 4 
t ime s w i t h  PBS . The we l l s  were then washed w i t h  s ubs t r a t e  
bu f f e r  ( 1 0  roM d i ethano l ami ne , 0 . 5  roM MgC 1 2 ) a n d  deve loped 
w i t h  1 mg/ml p - n i t rophenyl -phospha te ( S i gma ) i n  s ub s t rate  
bu f fe r  ( 5 0 1-11) . 
C o l o r  deve l opment was a l l owed to proceed for no longer  
than 1 h r . The opt i ca l  dens i t y  o f  each we l l  was me a sured 
a s  the absorbance a t  4 0 5  nm minus  the  absorbance at  6 5 0  nm 
by a microt i t e r  p l a t e  re ade r . The ab sorbance at 6 5 0  nm was 
subt racted to correct  for l i ght s c a t t e r i ng . 
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Results 
Synthe s i s  o f  pro-GnRH / GAP by fragment condensa t i on . 
We a t t empted the tota l  chemi c a l  s ynthe s i s  o f  pro-GnRH / GAP 
by condens a t i on of three  i nd iv idu a l  pept ide f r a gmen t s  
( Fi gu r e  8 ,  S ch eme 1 ) . E a c h  fra gment w a s  s ynthe s i zed  b y  
s o l i d-phas e  methods a s  de s c r ibed . The middle ( pGnRH 1 4 4 0 )  
and N - t e rmina l ( pGnRHM l 1 3 )  fra gments  were obt a i ned  i n  
s u f f i c i ent y i e l d  to a l low coup l ing in ex c e s s  r e l a t i ve t o  
t h e  r e s i n  bound C - t e rminal  ( pGnRH4 1 6 9 )  pept i de . 
I n  an e f fo r t  to choose a s u i t ab l e  s o l vent for  the 
condens a t i on react i o n ,  the solub i l i ty of ful l y  protected  
pGnRH 1 4 4 0  was a s s e s s ed in a numb e r  of  organ i c  s o l vents  and 
mixtures  ( Tab l e  1 ) . T h i s  fragment was i n s o l ub l e  i n  mo s t  
s o l vents  that  a r e  compat i b l e  with  pept i de s ynthe s i s . 
Howeve r ,  the pept i de appeared to be f r e e l y  s o l ub l e  i n  DMS O  
and DMF / DMS O .  
We a t t emp ted  coup l ing o f  pGnRH 1 4 4 0  to  r e s i n  bound 
pGnRH4 1 6 9 in DMF/ DMSO,  and the prog r e s s  of the react ion was 
mon i to r ed  b y  n i nhydr i n  a s s a y  ( S a r i n  et  a l , 1 9 8 1 ) . Af t e r  2 x 
2 hr  o f  coup l i n g ,  no s i gn i f i c ant reduc t i on i n  ninhyd r i n  
react i v i t y  w a s  observed , indi cat ing t h a t  t h e  r e s i n  bound 
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Table 1 
Solubility o f  pGnRH 1 4 4 0  in peptide synthes i s  solvents 
S o l vent Obs e rva t i on 
Dime t hyl f ormamide ( DMF )  Forms g e l  
D i c h l orome thane ( DCM ) I n s o l ub l e  
Chloro form ( CHC l 3  ) I n s o l ub l e  
Dime t h y l sul foxide ( DMSO ) Solub l e  
DM F / DCM ( 1 :  1 )  Forms g e l  
DM F /CHC 1 3  ( 1 :  1 )  I n s o l ub l e  
DM F / DMSO ( 1 :  1 )  S o l ub l e  
DCM/CHC 1 3  ( 1 : 1 )  I ns o l ub l e  
DCM/ DMSO ( 1 :  1 )  S l i ght l y  s o l u b l e  
CHC 1 3 / DMSO ( 1 :  1 )  S l i ght l y  solub l e  
ami n e  had not been a c y l a t e d . Al s o ,  there  was no we i ght  
g a i n  on the  s ynthes i s  r e s i n ,  indicat ing that coup l ing was  
unsucce s s fu l . Amino a c i d  ana l y s i s  con f i rmed that o n l y  
pGnRH 4 l 6 9 was bound to t h e  r es i n . 
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When the coupl ing mixture was r emoved f rom the r e s i n ,  
i t  was v i s ib l y  t u rb i d ;  and i t  became s emi - c r ys t a l l ine  a f t e r  
two days a t  room t emp e r ature . Th i s  indi c a t e s  tha t ,  
a l t hough ful l y  protected pGnRH 1 4 4 0  was i n i t i a l l y  s o l ub l e  i n  
DMF / DMS O ,  i t s  -OBt act ive e s t e r  f a l l s  out o f  s o l u t i on w i th 
t ime . S imi l a r  r e su l t s  were obt a i ned w i t h  neat  DMSO . 
We a t t empted  to c i r cumvent the p roblems o f  s o l ub i l i t y 
by  dev i s ing  new condensat ion s chemes ( Fi gure  8 ,  S cheme s 2 -
4 ) . E l ongat ion o f  the C - t e rminal  fra gment ( pGnRH2 9 6 9 )  
a l l owed conden s a t i on with  a s ho r t e r- ch a i n  midd l e  fragment 
( pGnRH 1 4 2 8 ) . Howeve r ,  ful l y  protected pGnRH 1 4 2 8  was 
s imi l a r l y  inso l ub l e  i n  a l l  so lvents t e s t ed . The r e fore , we 
t r i ed u s ing  even sma l l e r  fra gments  ( Fi gure  8 ,  S cheme s 3 and 
4 ) . Both f u l l y  protected fra gment s  pGnRH 1 4 l 9  ( S cheme 3 )  
and pGnRH 1 9 2 8  ( S cheme 4 )  were i n s o l ub l e  i n  a l l  so lvents  
t e s ted . I t  app e a red unl i ke l y  that we wou l d  so lve t h e s e  
s o l ub i l t y  p robl ems ; thus , w e  abandoned t h i s  app roach i n  
favor o f  the i n  s i t u  neut ra l i za t i on procedure . 
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s t epw i s e  synth e s i s  o f  pro-GnRH / GAP w i th i n  s i t u  
neut ra l i z at i on . Fol lowing s ynthe s i s ,  pro-GnRH/ GAP was 
depro t e c t e d ,  c l eaved,  and extracted f rom the r e s i n  as  
de s c r ibed ( Ma t e r i a l s  a nd  Methods ) . The c rude pept ide 
p roduct was ana l y z ed b y  SOS - PAGE be fore  and a f t e r  
pur i f i ca t i on b y  reve r s ed-pha s e  HPLC ( Fi gure  9 ) . A s  s hown , 
a 6 - 8 , 0 0 0  mo l ec u l a r  we i ght  band was v i s ua l i zed  i n  the c rude 
and pur i f i ed p ep t i de p repa r a t i ons . T h i s  mo l ec u l a r  we i ght  
i s  con s i s t ent w i th that predicted for the fu l l  l ength 
p ep t i de ( 8 , 0 0 9 ) . 
The pur i f i ed pept ide preparation was charact e r i zed  b y  
N - t e rmina l s e quence ana l ys i s  ( Tab l e  2 ) . Through 1 5  c y c l e s  
o f  s e quence ana l ys i s ,  o n l y  t h e  p r ima r y  s e quence o f  t h e  ful l  
l ength pept ide was observed . T h i s  r e s u l t  indi c a t e s  that 
only the f u l l  l ength pept i de po s s e s s e s  a f r e e  N- t e rminu s . 
I f  any s ho r t e r - ch a i n  s equences a re  p r e s ent , they are 
p r e s umab l y  a c e t y l a t ed f rom the capp i ng reac t i on ;  thus , t h e y  
d o  n o t  s e quence . 
The pur i f i ed p ro-GnRH / GAP prepa r a t i on was further  
charact e r i zed  b y  amino a c i d  compos i t iona l ana l ys i s  ( Tab l e  
3 ) . H er e , the s ing l e  Met r e s i due ( at the - 1  po s i t ion o f  
pro-GnRH/ GAP ) s e rved a s  a norma l i z a t ion  s t andard a g a i n s t  
Figure 9 :  SDS - PAGE analysi s  of synthetic pro -GnRH/ GAP . 
Pote i n  s amp l e s  we re  subj ected t o  e l e c t rophore s i s  a t  1 5  rnA 
con s t ant current in an 1 8 %  S DS - PAGE s l ab gel . Lane 1 
cont a i ns prot e i n  s t anda rds ( l ow range k i t ,  Integrated  
Sepa rat i on S y s t ems ) . Lane s 2 a nd  3 conta i n  c rude and  H PLC 
pur i f i e d  s ynthe t i c  pro-GnRH /GAP , respect ive l y . P rot e ins  
were  v i s u a l i z e d  w i t h  s i ver s t a i n . 
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2 9 . 0 
2 0 . 4  
1 4 . 0  
6 . 1  
1 2 
6 0  
3 
--- 6 - 8  kD 
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Table 2 
N- terminal sequence analysis of synthetic pro-GnRH / GAP 
C y c l e  Ami no a c i d  Y i e l d  
( pmo l ) 
1 Met 3 6 7  
2 G I n  3 1 7  
3 H i s  3 0 7  
4 T rp 1 6 0 
5 Ser  54  
6 T yr  2 1 1  
7 G l y  1 7 9  
8 Leu 1 7 9  
9 Arg 2 6 0 
1 0  Pro 1 5 2 
1 1  G l y  1 7 1  
1 2  G l y 1 7 3  
1 3  Lys  1 0 0  
1 4  Arg 1 6 7 
1 5  Asp 1 0 0  
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Table 3 
Amino acid compos i tional analysis of synthetic pro-GnRH / GAP 
Amino a c i d  Theoret i ca l  Act u a l  Actua l /  
Re s /mol Re s /mo l Theoret i c a l  
Asx 4 5 . 6  1 .  4 0  
G l x  1 5  2 4 . 6  1 .  6 4  
S e r  5 5 . 2  1 .  0 4  
H i s  2 2 . 2  1 .  1 0  
G l y  6 1 2 . 4  2 . 0 7 
T hr  4 7 . 8  1 .  9 5  
A l a  3 7 . 0  2 . 3 3 
Arg 5 8 . 9  1 .  7 8  
T y r  1 1 . 3  1 .  3 0  
Va l 2 3 . 2  1 .  6 0  
M e t  1 1 . 0  1 .  0 0  
T rp 1 
Phe 2 3 . 3  1 .  6 5  
I l e 4 1 2 . 7  3 . 1 8 
Leu 7 1 9 . 1 2 . 7 3 
Ly s  5 1 2 . 9  2 . 5 8 
Pro 3 4 . 9  1 .  6 3  
whi ch the  mo l ar e qu i va l en t s  o f  a l l  other  r e s i dues  were 
c a l c u l a t e d . S imi l a r l y ,  the mo l a r  amount o f  t h i s  Met  
r e s i due was a s s umed to repr e s ent the mo l a r  amount of  f u l l  
l ength p r o- GnRH / GAP . 
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As s hown , f rom t h i s  ana l ys i s ,  i t  i s  c l e a r  that  
t erminat ion peptides  a re  pre sent i n  the prepa r a t i on . B a s e d  
o n  the amount o f  Met p r e s en t ,  i t  w a s  appa rent that  o u r  
p repa r a t i on o f  p ro-GnRH / GAP cont a i ned 8 . 7  �o l o f  ful l 
l ength p ep tide . T h i s  corre sponds to approxima t e l y  7 0  mg o f  
intact  p rohormone , enough for some s t ructural  s tudi e s . 
Howeve r ,  the p reparat ion was not s u f f i c i e nt l y  pure for 
s t ructura l  wor k .  Based  on the re l a t i ve abundance o f  the  
various  amino acids , ful l l ength p ro-GnRH / GAP was e s t ima t e d  
to comp r i s e  5 0 %  o f  t h e  pep t i dacious ma t e r i a l  i n  t h e  
p repara t i on . Much greater  puri t y  ( pre ferab l y  > 9 5 % ) wou l d  
be nece s sa r y  f o r  s t ructural  s tudi e s . 
Fur t h e r  pur i f i cat ion o f  pro-GnRH/ GAP was a t t empted  b y  
i s o e l e c t r i c  focus ing and b y  g e l  f l i trat ion , hydrophobi c  
i n t e r a c t i on and i o n  exchange chromatograph i e s . None o f  
t h e s e  me thods y i e lded s i gni f i cant e nrichment o f  f u l l  l ength  
p ro- GnRH/ GAP , as  determined b y  amino a c i d  ana l y s i s  and 
anal y t i c a l  H PLC . Al though our s ynthe t i c  p repa rat ion o f  
pr o-GnRH / GAP was s u i t ab l e  for immuno l o g i c a l  and en z yma t i c  
charact e r i z a t i o n ,  w e  turned t o  a recomb i nant approach i n  
hopes  o f  obtaining  mat e r i a l  o f  s u f f i c i ent pur i t y  for  
s t ru c t u r a l  wo r k . 
Immuno logi c a l  charact e r i z a t i on o f  t h e  proce s s i ng s i t e  
o f  synthet i c  p ro-GnRH/ GAP . Regard l e s s  o f  the p r e s ence o f  
t ermina t i on s e quences ,  i f  ful l l ength p ro-GnRH/ GAP i s  
p r e s en t  and i t s  p roce s s i ng s i t e  i s  sur face expo s e d ,  then 
the an t i s erum r a i s e d  aga i n s t  the proce s s ing s i t e  immunogen 
wou l d  b e  exp ected  to react w i th the pept ide prepa rat ion . 
Fur t h er ,  p r o t eo l ys i s  o f  the proce s s ing  s i t e woul d  b e  
exp e c t e d  to abo l i sh a n y  immuno a c t i vi t y .  Henc e ,  t h e  
immuno a c t ivi t y  o f  t h e  pur i f i ed preparat ion was a s s e s s ed b y  
E L I SA b e fore  and a ft e r  endopro t eo l y s i s  wi th t r yps i n . 
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T h e  p r epa r a t i on w a s  incubated w i t h  increas ing amoun t s  
o f  t r yp s i n  for e i ther  2 or  2 4  hours and then a l i quots  o f  
the d i g e s t  mixture  were a s sayed f o r  immunoact i vi t y .  The 
non-proteo l y z ed  preparat ion is s t rong l y  immunoreact i ve 
( Tab l e  4 ) , indi cat i ng that the proce s s i ng s i t e epi tope i s  
intact  and i s  s ur face  expose d . Af t e r  on l y  2 hour s ,  
t r e a tment w i th as  l i t t l e  a s  2 �g t r yp s i n  ( a  wei ght r a t i o  o f  
1 : 5 0 0  t r yp s i n : pept i de )  e s s ent i a l l y  abo l i shed the 
Table 4 
Immunological characterization of trypsin catalyzed 
proteolys is of synthetic pro-GnRH/ GAP 
W e i ght rat i o  Re l a t ive immunoact i vi t y ( % )  
T r yp s i n : 
2 hr  2 4  hr  Pro-GnRH /GAP 
0 1 0 0  1 0 0  
1 : 5 0 0  4 . 2  3 . 4  
1 : 2 0 0  2 . 8  2 . 4  
1 : 1 0 0  1 . 0  0 . 4  
1 : 5 0 0 . 7  0 . 9  
1 : 2 0 0 . 7  0 . 1 
1 : 1 0 0 . 7  0 . 2  
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immuno a c t i vi t y .  Thu s ,  the ep top i c  sequence i s  s ub j e c t  to 
degrada t i on b y  t r yp s i n ,  cons i s tent with the i dea that t he 
endop roteo l y t i c  proces s ing  s i te i s  readi l y  hydro l y zed . 
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D i s cu s s i o n  
S t ructural  ana l ys i s  of intact prohormones r e qu i r e s  
the i r  prepar a t i on i n  h i gh y i e l d  and pur i t y . Un t i l  now , 
onl y one intact  prohormone has been subj ected  to s t ructu r a l  
s t ud i e s  ( W e i s s  e t  a l ,  1 9 9 0 ) . Th i s  i s  prima r i l y  due to t h e  
f a c t  t h a t  i n t a c t  p rohormones have not b e e n  readi l y  p repared 
i n  s u f f i c i ent y i e l d  and pur i t y  for b i ophys i c a l  ana l ys i s . 
We have accomp l i shed the tota l  chemi c a l  s ynthe s i s  o f  p ro­
GnRH / GAP , a 69 ami no a c i d  prohormone . We obt a i ned 
s ynthe t i c  pro- GnRH/ GAP in h i gh y i e ld ( 7 0  mg ) but o n l y  
ma r g i n a l  pur i t y  ( 5 0 % ) . Al though o u r  prepa r a t i on i s  n o t  
s u f f i c i ent l y  pure  f o r  s t ructural  s t udi e s ,  w e  were  ab l e  to 
charact e r i z e  this  preparat ion immuno l o g i ca l l y  and 
e n z yma t i c a l l y . Al t e rnat i ve l y ,  re comb i nant p ro- GnRH/ GAP has  
been pre p ar e d  in s u f f i c i ent yie ld  and pur i t y  for  s t ructura l  
s t ud i e s , a s  d e s c r ibed in t h e  fol l owing s e c t i on . 
Fr agment condensat i on . The s o l ub i l i t y  o f  protected  
pep t i de chains  i s  o f ten a prob l em i n  condens a t i on react i ons  
( Kent , 1 9 8 8 ) . We encounte red suc h  problems i n  our a t temp t s  
t o  a s s emb l e  p ro-GnRH / GAP b y  the method o f  f r a gment 
conden s a t ion . Although we obta ined the individu a l  pept i de 
f ra gments  i n  h i gh y i e l d ,  we were unab l e  to e f fe c t  
conde n s a t ion o f  the s e  f ragments . 
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A f t e r  t h e  a t t empted coup l ing o f  ful l y  protected  
pGnRH 1 4 4 0  to  r e s i n  bound pGnRH4 1 6 9 ( Fi gure 8 ,  S cheme 1 ) , no  
a c y l a t i on of  the r e s i n  bound amine was detected by  
n i nh ydr i n ,  a nd  no  i ncorpora t ion o f  pGnRH 1 4 4 0  was de t e c t e d  
by  amino a c i d  ana l y s i s  o f  t h e  r e s i n  bound pep t i de . 
The f a i l ure o f  t h i s  condens a t ion reac t i on was l i ke l y  
due t o  the l im i t e d  s o l ub i l i t y  o f  ful l y  protected  pGnRH 1 4 4 0 . 
T h i s  f r a gment exhib i ted s o l ub i l t y  p robl ems i n  many organ i c  
so l vent s wh i c h  a r e  compa t i b l e  w i t h  pept ide s ynthe s i s  ( Tab l e  
1 ) . Al though f u l l y  protected pGnRH 1 4 4 0  i n i t i a l l y  appeared  
to be  f r ee l y  s o l ub l e  in  DMSO and  DMF / DMSO,  its  a c t i ve e s t e r  
f a l l s  out o f  s o l u t i on w i th t ime . I t  i s  l i ke l y  that t h i s  
f ragment aggregat e s  a t  the h i gh concent rat ion r e qu i red for  
pept i de s ynthe s i s  ( 0 . 4  M ) , and thus , become s unava i l abl e  
for  conden s a t i on . 
We  a t t empted to solve the s o l ub i l i t y  prob l em by  
de s i gn i n g  sho r t e r  pep t ide fragmen t s  and  us ing a l t e rnat ive 
organ i c  s o l ven t s . Regard l e s s ,  we were unab l e  to prepare 
any pept i de f r a gment s  of  pro-GnRH / GAP wh i c h ,  when fu l l y  
p r o t e c t e d ,  ar e  f r e e l y  so l ub l e  i n  the organ i c  so lvents that  
ar e  comp a t i b l e  w i th pep t i de s ynthe s i s . 
The s o l ub i l i t y  o f  protected pept i de chains  i s  l ar ge l y  
s e quence dependent , and o n l y  l imited methodo l og y  i s  
ava i l ab l e  f o r  the de s i gn o f  f r e e l y  s o l ub l e  p ep t i de 
f r a gmen t s  ( S a ka k i b a r a ,  1 9 9 5 ) . Due to the emp i r i ca l  nature  
of  the s e  p rob l ems and the exhau s t i ve e f fo r t s  potent i a l l y  
required  f o r  the i r  s o l u t i o n ,  w e  abandoned the f r a gment 
condens a t i on s t ra t e g y  in  favor of a nove l approach to the 
s tepwi s e  s ynthe s i s  of pro-GnRH / GAP . 
In s i t u  neutra l i z a t i on . We have succe s s fu l l y  
s ynthe s i z e d  fu l l l ength pro-GnRH / GAP p r o t e i n  us ing  a 
s t epwi s e  s o l i d-phase method which i nvo l ve s  coup l ing  o f  
ami no a c i d  de r i vat i ves v i a  i n  si t u  neutr a l i z a t ion . Thi s 
procedur e  has  been s hown previous l y  to be e f f e c t i ve i n  the  
prep a r a t i on o f  l ong  chain  pept ides a nd  i n  reduc ing  the 
probl ems a s s o c i ate d  w i th di f f i c u l t  s e quences ( S chnb l ze r  et  
a I ,  1 9 9 2 ) . The s tepw i s e  nature o f  t h i s  p rocedure 
c i rcumven t s  the s o l ub i l i t y  prob l ems o f ten  a s soci ated w i t h  
f ragment condens a t ion s t r a t e g i e s . 
A f t e r  HPLC pur i f i c a t i on o f  s ynthe t i c  pro- GnRH / GAP , 
SDS - PAGE reve a l e d  a s i ng l e ,  di f fuse  ma j o r band,  
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corre sponding t o  the predicted mo l e c u l a r  we i ght  o f  8 , 0 0 9  
Da . Onl y  the targe t  pept ide was de tected by  N- t e rminal  
s e quence ana l ys i s . Howeve r ,  amino acid compo s i t i onal  
ana l ys i s  reve a l ed the p re s ence of  a s i gn i f i cant numb e r  o f  
t ermi nat ion pept i de s  whi ch p roved impo s s ib l e  t o  r emove . 
Dur i ng the s yn t he s i s ,  unextended s e quences were capped w i t h  
a c e t y l  imida z o l e  a f t e r  coup l ing  o f  each amino a c i d  
de r i va t i ve . T h i s  exp l a in s  t h e  e x i s t ence o f  t e rmina t i on 
pep t i de s  i n  the prepara t i on . 
Capp i n g  p rocedure s  a re  routine l y  u s ed in  s o l i d  phase  
pep t i de s ynthes i s  to  r educe the occurrence of  de l e t ion 
pep t ides  which cause  s evere pu r i f i cat ion prob l ems ( Ba r any 
and Me r r i f i e l d ,  1 9 8 0 ) . When c apping  procedu r e s  are  used i n  
the s yn the s i s  o f  short chain  pep t i de s ,  t e rmina t i on pep t i d e s  
usua l l y  comp r i s e  o n l y  a sma l l  fraction  o f  the prepar a t i on . 
Al s o ,  the N- t e rmin a l  acetyl  group on these  pept ides 
int roduces  new phys i cochemic a l  p rope r t i e s  wh i ch fac i l i t a t e  
the i r  s ep ar ati on  f rom t h e  t a rget pept i de . 
Howeve r ,  when such procedure s  are app l i e d to the 
s ynthe s i s  of  l ong cha i n  pept ides , the r e s u l t i ng 
p rep a r a t i ons may be more comple x  and mo re di f f i c u l t  to  
pur i f y .  As  chain  l ength i nc re a se s ,  so  do e s  the numbe r  o f  
coupl in g  s t ep s  r e qu i red for comp l e t e  cha in  a s s emb l y .  
The r e fore , the potent i a l  numbe r  and r e l a t i ve abundance o f  
t e rm i n a t i o n  s e quences r e s u l t ing f rom capp ing  p rocedu r e s  
i n c r e a s e  w i t h  p ep t i de cha i n  l ength . Al so , t h e  
phys i cochemi c a l  e f fe c t s  o f  t h e  N- t e rminal  acetyl  g roup 
probab l y  become l e s s  s i gni f i c ant a s  pept ide chain  l ength 
increa s e s . Thus , l ong t e rminat ion pept ide s  may be 
v i r t ua l l y  i ns eparab l e  f rom the ful l l ength target  pept i de . 
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Rep eated  a t t emp t s  to further pur i f y the s ynthe t i c  pro­
GnRH/ GAP p reparation  b y  ge l f i l t r a t i o n ,  hydrophob i c  
i n t e r a c t i on ,  and ion exchange chromatograph i e s  o r  b y  
i s o e l e c t r i c  focu s i n g  f a i le d . I n  a l l  c a se s ,  broad p e a k s  
w e r e  obse rved on H PLC a n d  t h e  pro t e i n  w a s  no t p roven p u r e  
by amino a c i d  anal ys i s . Thus , we abandoned further  
a t t empt s  to pur i f y  s ynthe t i c  pro-GnRH / GAP . 
P ro- GnRH / GAP EL I SA .  An immuno a s s a y  was deve l oped 
wh ich is  spec i f i c  for  the proce s s ing  s i t e  r e g i on of p ro ­
GnRH/ GAP prote i n . A pept i de immunogen w a s  de s i gned to span 
the p roce s s i ng s i te ( R 1 3 - D 1 4 )  and to who l l y  encomp a s s  the 
recogn i t ion s e quence for  GAP- r e l e a s i n g  e n z yme ( G 6-R1 3 ) . 
Ant i s e r a  r a i s e d  aga i n s t  t h i s  immunogen were expected to 
recogn i ze intact p ro-GnRH / GAP by interact ion with r e s i du e s  
7 2  
a t  o r  near  the proc e s s i ng s i te . Furthe r ,  d i s rupt ion o f  the 
proc e s s i n g  s i t e  epi tope b y  proteo l ys i s  was expe cted to 
abo l i s h  t h i s  immunoact i vi t y .  
W e  s howed that  our preparation o f  s ynthe t i c  pro­
GnRH / GAP is  immunoreactive  i n  the E L I SA .  T h i s  demons t r a t e s  
t h a t  t h e  proce s s ing  s i te  epi tope i s  i ntact  and t h a t  i t  i s  
expo sed o n  the s ur face  o f  the prote in . We a l s o  s howed that  
t r yp s i n  d i g e s t i on of  the s ynthe t i c  p ro-GnRH / GAP prepa r a t i on 
abo l i sh e s  i t s  i mmuno a c t i v i t y .  I t  i s  l i ke l y  that t r yp s i n  
hydro l y z e s  the p roce s s ing  s i t e  i n  pro-GnRH / GAP , thus , 
di s rupt ing  the epi tope that i s  reco gn i zed  i n  the E L I SA .  
BACTERIAL EXPRE SSION OF RECOMBINANT PRO-GNRH/GAP 
Experimental Strategy 
As an a l t e rn a t ive to chemi c a l  s ynthe s i s  o f  p ro­
GnRH/ GAP , we con s i dered the f e a s ib i l i t y  of  a r ecomb i nant 
approach to exp r e s s ion of the prohormone . Because 
p rohormon e s  a r e  sub j e c t  to p roces s i n g ,  the ant i c ipated 
p i t f a l l  of  ove rexp r e s s i on of  prohormones  i s  proteo l y s i s  by  
endogenous p r o t e a s e s  of  the  host  organ i sm i n  whi ch the 
exp r e s s i o n  vector  has  been p l aced . I t  i s  not surpr i s in g ,  
then , that few repo r t s  o f  succe s s fu l  overexp r e s s i on o f  
intact  p rohormone  p rot e i ns e x i s t . 
Thu s , i n  de s i gning  an expr e s s i on sys tem for  p ro­
GnRH/ GAP , we needed to addres s the i s sue of  prot e o l ys i s . 
I t  may be po s s ib l e  to exp r e s s  intact  prohormone prot e i ns i n  
p r o t e a s e  de f i c i e nt  bacte r i a l  s t r a i n s  or  i n  c e l l - f r e e  
t rans l a t ion s ys tems . Fo r examp l e ,  a- , �- , and y-
preprotachyk i n i ns have been exp r e s s ed in wheat  g e rm and 
rabb i t  r e t i cul ocyte  ce l l - f re e  s y s t ems (MacDona ld  et a l , 
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1 9 8 8 ) ; but the y i e l ds were not s u f f i c i ent  for  s t ructural  
s tudi e s . The r e fo r e , we adopted a nove l approach to the 
expre s s ion of pro-GnRH / GAP i n  bac t e r i a l  culture s . Our 
s t r a t e g y  i nvo l ve s  the coexp r e s s ion of hepat i t i s  B vi rus 
core p ro t e i n  ( HB c )  and p ro-GnRH / GAP a s  a s i n g l e  fus i on 
prote i n ,  w i th subsequent l imite d  chemi cal  c l e avage a t  a 
s i t e  be tween the f u s i o n  partners  to r e l e a s e  HBc and i n t a c t  
pro-GnRH / GAP . 
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Hepat i t i s  B v i rus ( HBV ) i s  a memb e r  o f  a f ami l y  o f  
hepatotrop i c  animal v i r u s e s  known a s  the hepadnavi rus e s , 
a l l  o f  which ar e  charact e r i ze d  b y  c i rcu l a r  DNA genomes that  
are  rep l i cated  by  rever s e  tra nsc ript ion ( Summe r s , 1 9 8 1 ; 
Ma r i on and Rob i nson , 1 9 8 3 ) . The inta ct  vi r i on con s i s t s  o f  
a sphe r i c a l  outer  enve lope and a nuc l eocap s i d ,  wh i ch 
con t a i ns the genomi c DNA and reve r s e  t r ans c r ip t a s e  ( fo r  
revi ews s e e  T i o l l a i s  e t  a l , 1 9 8 5 ;  Ganem and Varmus , 1 9 8 7 )  
The maj o r  s t ructural  component o f  the HBV nuc leocap s i d  
i s  a 2 2  k D a  core prot e i n  ( HBc ) ( Fe i t e l s o n  et  a l , 1 9 8 2 ) . 
Thi s core p r o t e i n  has  a nuc l e i c  acid-binding doma in  that  
ex i s t s  as  an a r g i n i ne - r i ch s e quence near  the c a rbox y l  
t e rminus ( Pa s e k  e t  a l ,  1 9 7 9 ) . HBc a s s emb l e s  i nto a 2 8  nm 
core p a r t i c l e  to encap s u l a t e  the nuc l e a r  components  o f  the 
vi rus ( H i r s chman e t  a l ,  1 9 7 4 ;  Onode ra e t  a l , 1 9 8 2 ) . 
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Recomb inant HBc ha s  been succes s fu l l y  overexp r e s s ed i n  
E .  co l i  ( Pa s e k  e t  a l , 1 9 7 9 ) . Recomb inant HBc f o rms core  
p a r t i c l e s  even  when s i gn i f i cant mod i f i ca t ions  are  made to 
th e  core  p r o te i n  monome r . A 1 6  kDa t runcated core p ro t e i n  
r e s u l t i ng  f rom the de l e t ion o f  3 9  ami no a c i d  r e s i due s a t  
the c a rboxy l  t e rminus o f  HBc i s  s t i l l  capabl e  o f  f o rming  
core  p a r t i c l e s  ( B i rnbaum a nd  Na s s a l , 1 9 9 0 ;  Gal l i n  e t  a l ,  
1 9 8 9 )  . Al s o ,  HBc mutants  i n  whi c h  any or  a l l  c y s t e i n e  
r e s i dues  ar e  r ep l aced r e t a i n  t h e  abi l i t y  to form core 
p a r t i c l e s  ( Z heng e t  a l ,  1 9 92 ) . 
We t hought that HBc may s t i l l  form core p a r t i c l e s  even 
i f  a l ow mo l e cul a r  wei ght fusion partner was added t o  i t s  
C - t e rmi nu s . I f  t h i s  were t rue , then t h i s  fus ion pro t e i n  
should be amenabl e  t o  t h e  r e l a t i ve l y  s imp l e  pur i f i c a t i on 
s cheme s u s ed  to pur i fy HBc ( Zheng e t  a l , 1 9 9 2 ) , thus 
obvi a t ing  the need for  uni que procedure s .  The 3 -
dimens i o na l s t ructure o f  the HBc monome r and i t s  
o r i en t a t ion w i th i n  the core par t i c l e  a r e  no t known . 
However ,  s i nce  the nuc l e i c  a c i d  i s  encapsulated  by  the core  
p a r t i c l e  i n  the inta c t  v i r i o n ,  it  i s  logical  to  a s s ume that  
the C - t e rmina l nuc l e i c  a c i d  b i nding doma i n  i s  o r i ented 
toward the i n t e r i o r  of  the p a r t i cl e . A fus i on p a rtne r at  
the C - t e rminus of  HBc mi ght , there fore , be bur i e d  w i t h i n  
t h e  c o r e  p a r t i c l e . I f  s o ,  the f u s i o n  partner  might be 
p r o t e c t e d  f rom p r o t eo l ys i s  throughout pur i f i c a t ion of the 
fus ion pro t e i n . 
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De s ign o f  HBc-pro-GnRH / GAP fus i on prote i n . We 
i nt ended to exp r e s s  p ro-GnRH / GAP a s  a carboxyl t e rmi n a l  
fus i on p a r t n e r  o f  HBc . Howeve r ,  i t  was nece s s a r y  to dev i s e  
a s tr a t e g y  f o r  s epa ra ting  i ntact  pro-GnRH/ GAP f rom HBc 
a f t e r  exp r e s s ion and pur i f i cat ion . To t h i s  end,  we 
de s i gned the fu s i on p r o t e i n  to conta i n  a s in g l e  B rCN 
s en s i t i ve s i te  (Met ) be tween HBc and pro-GnRH / GAP . 
Na t ive pro-GnRH / GAP conta ins  no Met r e s i du e s  and,  
the r e fo r e , is  not sus cept i b l e  to B rCN degrada t i on . A M e t  
res i due was p l aced immed i a t e l y  preceeding t h e  ami no 
t ermi n a l  G l n  re s i due o f  pro-GnRH / GAP . Thus , t r e ament o f  
the pur i f i ed HBc-pro-GnRH / GAP fus ion pro t e i n  w i th BrCN 
wou l d  b e  exp ected  to y i e l d  i ntact  p ro-GnRH / GAP and HBc . 
On the other  hand , HBc con t a i n s an i n i t i at o r  Met 
r e s i due and two inte rna l Me t res idue s . C l e avage of HBc 
w i th BrCN woul d ,  thus , be expected to y i e l d  three l ow 
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mo l ec u l a r  we i ght  p roduc t s ,  any one o f  wh i c h  cou ld  po s s ib l y  
i n t e r f e r e  w i th pur i f i ca t i on o f  pro-GnRH/ GAP . I t  was , 
the r e fore , advant ageous to u s e  a Met ( - )  mu tant HBc ,  i n  
whi c h  t h e s e  i n t e r n a l  M e t  re s idues were repl aced by  T h r  and 
I l e r e s i due s ,  respec t i ve l y .  A b l o c k  diagram o f  the de s i red 
fus i on protein  is  s hown i n  F i gure  1 0 .  
De s ign o f  Met ( - )  HBc-pro-GnRH / GAP exp r e s s i on vector . 
HBc and various  muta nts  have been expre s sed succe s s fu l l y  
f rom a modi f i ed pUC 1 8  vector ( pUC 1 8N )  ( Zheng e t  a l , 1 9 9 2 ) 
A pUC 1 8N p l asmid w i th a Met ( - )  HBc gene was generous l y  
provi ded b y  P r o f e s s o r  Darr e l l  P e t erson ( Dept . o f  
B i o chemi s t r y  and Mol e cu l a r  B i ophys i c s , V i r g i n i a  
Commonwe a l t h  Univer s i t y ,  Ri chmond,  VA) The Met ( - )  HBc 
gene was s i tuated be tween Nco I and S a c I  r e s t r i c t i on s i te s  
i n  pUC 1 8N ( Fi gu r e  1 1 ) . Ext raneous DNA was p r e s e n t  between 
the S a c I  and H i nd I I I  s i t e s . The r e fore , the gene for  the 
HBc-pro-GnRH / GAP fus ion could be con s t ructed by  rep l a c i ng 
the S a c I - H indI I I  DNA s e quence wi th a pro-GnRH / GAP 
ps eudogene in the approp r i a t e  reading f r ame ( Fi gure  1 1 ) . 
De s ign and synthes i s  o f  the pro-GnRH / GAP ps eudogene . 
cDNA encoding f u l l l ength pro-GnRH/GAP i s  not ava i l ab l e , 
and so  a s ynthe t i c  gene was con s t ructed according to 
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Figure 1 0 : Schematic diagram of HBc-pro-GnRH / GAP fusion 
protein . The prot e i n  con t a i n s  a Met ( - )  mut ant HBc s e quence 
in  wh i ch the two i n t e rn a l  Met  res idues have been replaced 
by T h r  and I l e ,  respe c t i ve l y .  The s eque nce o f  pro -GnRH / GAP 
i s  located  at  the C - t e rminus o f  the fus i on prot e i n . A 
s i n g l e  i n t e rn a l  Met r e s i due i s  i n c l uded immed i a t e l y  
preceding  the pro-GnRH/GAP s e quence t o  fac i l i t a t e  r e l e a s e  
o f  the proho rmone b y  BrCN c l eavage . 
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Figure 1 1 : Schematic diagram of HBc-pro-GnRH / GAP express ion 
plasmid . pUC 1 8 N  vector  was de r i ved f rom pU C 1 8  by 
i n t rodu c i ng an Ncol  r e s t r i c t i on s i t e  between the  promo t e r  
a n d  the  mu l t ip l e  c l oning  s i t e . DNA encoding HBc was  
sub c l oned i nt o  the  vector v i a  the Ncol  and Sacl  r e s t r i ct i o n  
s i t e s . The  pro-GnRH/GAP ps eudogene was subc loned v i a  t h e  
S a c l  a n d  Hindl l l  s i t e s  to  comp l e t e  the fus i on prot e i n  gene  
con s t ruct . 
pUC1 8N 
3.3 kb 
Hind I I I  
Nco I 
8 1  
Sac I 
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recent l y  des c r ibed me thods ( B i r ke t t ,  1 9 9 4 ) . I n  t h i s  
procedure , doub l e  s t randed DNA f r a gment s  are  l i ga t ed 
through approp r i a t e  r e s t r i ct i on s i t e s  to  as s emb l e  an i n t a c t  
ps eudo gene . Because  expr e s s ion o f  the f u s i o n  p ro t e i n  woul d  
u l t ima t e l y  t a k e  p l ace i n  E .  c ol i ,  t h e  p ro-GnRH / GAP 
ps eudogene was de s i gned such that each ami no a c i d  woul d  be 
encoded by the codon mo s t  f r e quent l y  used  by E .  co l i  ( Wada 
et  a l , 1 9 9 1 ) . S a c I  and H i nd I I I  r e s t r i c t ion s i t e s  were 
inc l uded a t  the approp r i a t e  ends o f  the pro-GnRH / GAP 
p s eudogene to f ac i l i t a t e  i t s  l i ga t ion i nto the p l asmi d . 
The p s eudogene encoding pro-GnRH / GAP i s  shown in  Figure 1 2 . 
Doub l e - s t r anded DNA can be made by  peR ext ens i on o f  
ove r l apping o l i gonuc l e o t i de p r ime rs  ( Ro s s i  e t  a l ,  1 9 8 2 ) , 
but e f f e c t i ve s ynthe s i s  o f  such p r ime rs  i s  l imi ted  to about 
1 0 0  b a s e s  in chain l ength . Thus , a l lowing for  a 2 0  b a s e  
p a i r  anne a l ing  r e g i o n ,  t h e  uppe r  l imi t for  s ynthe t i c  DNA 
f r a gment s  i s  about 1 8 0  b a se  p a i r s . Because the target  p ro­
GnRH / GAP gene has  ove r 2 0 0  b a se  pa i r s , it  had to be 
con s t ructed  f rom two s epa ra te  DNA f ragment s .  There  i s  a 
s in g l e  T a q I  r e s t r i c t ion s i t e  near  the midpoint  o f  the 
target  gene s e quence ( Fi gure  1 2 ) ; thus , two DNA f r agme n t s  
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Figure 1 2 : DNA and predicted amino acid sequence of pro­
GnRH/ GAP pseudogene . The s ynthe t i c  gene encodes ful l  
l e ngth pro-GnRH / GAP w i t h  a Cys 4 0  to  S e r  sub s t i t u t ion  and a 
Met  r e s idue added t o  the N - t e rminus . A s i n g l e  T a q I  
re s t r i ct ion s i t e  f a c i l i t a t e s  const ruct i on o f  the p s eudogene 
v i a  l i ga t i on o f  two gene f ragme nt s .  The coding  s e quence 
f o r  pro- GnRH / GAP is  bracketed by SacI  and H i nd I I I  
re s t r i c t i on s i t e s  t o  f a c i l i t a t e  subc l o n i n g ; add i t i o n a l  
nucl e ot i d e s  w e r e  i n c l uded out s i de the rest r i ct ion  s i t e s  t o  
a l l ow d i g e s t i on by t h e  e ndonu l e a s e s , wh ich are  l e s s  act i ve 
on s i t e s  a t  the ends o f  DNA f ragmen t s . The S a c I  s i t e  and 
pro-GnRH / GAP DNA are j uxt aposed such that , a f t e r  subc l o n i n g  
i n t o  the pUC 1 8 N HBc vector , the coding s e quence o f  p r o ­
GnRH /GAP w i l l  b e  i n  t h e  same reading f r ame a s  that  o f  HBc . 
Re s t r i ct i on s i t e s  a re  i nd i c a t ed by unde r l i ned bol d - f a c e  
t ype . The  s t op codon i s  ind i ca t ed by 0 .  
SacI 
CCCCGAGCTCCATGCAGCATTGGAGCTATGGCCTGCGTCCGGGCGGCAAACGTGAT GCGG 
M Q H W S Y G L R P G G K R 0 A E 
GGGGCTCGAGGTACGTCGTAACCTCGATACCGGACGCAGGCCCGCCGT TTGCACTACGCC 
AAAAC CTGATTGATAGCTTTCAGGAAATCGTGAAAGAAGTGGGCCAGCTGGC GGAAACCC 
N L I D  S F Q E I V K E V G Q L A E T Q 
TTTTGGACTAACTATCGAAAGTCCTTTAGCAC TTTCTTCACCCGGTCGACCGCCTTTGGG 
TaqI 
AGCGTTTCGAAAGCACCACCCATCAGCCGCGTAGCCCGCTGCGTGATCTGAAAGGCGCGC 
R F E S T  T H Q P R S P L R 0 L K G A L  
TCGCAAAGCTTTCGTGGTGGGTAGTCGGCGCATCGGGCGACGCACTAGACTTTCCGCGCG 
H indI I I  
TGGAAAGC CTGATT GAAGAAGAAACCGGCCAGAAAAAAATCTAAGCTTGGGG 
E S L I E  E E T G Q K K I 0 
AC CTTT CGGACTAACTTCTT CT TTGGCCGGTCTTTTTTTAGATTCGAACCCC 
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were s e l e cted such that  l i ga t i on a t  the TaqI  s i t e wou l d  
y i e l d  the ful l l ength gene . 
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Materials and Methods 
Syn the s i s  o f  the pro-GnRH / GAP ps eudogene . The ove r a l l  
s t r a t e g y  f o r  t h e  s ynthe s i s  o f  the ps eudogene encoding pro­
GnRH/ GAP is  shown i n  Fi gure 1 3 .  Two p a i r s  of  s ynthe t i c  
o l i gonuc l eot i de pr imers were used  to cons t ruct  t h e  two 
f ragments  o f  the pro-GnRH / GAP gene . The s e  pr imers  did  not 
i n c l ude the S a c I  and HindI I I  r e s t r i c t i on s i te s , but the s e  
s i t e s  were  added dur ing PCR amp l i f i c at ion o f  t h e  intact  
ps eudogene . Each p a i r  o f  p r imers  shared 2 1  base  p a i r s  o f  
ove r l apping comp l emen t a r y  s e quence a t  the i r  respect ive 3 '  
ends to a l low the p r ime rs  to anneal .  Each p a i r  o f  pr i me r s  
w a s  s ubj ected  to f i ve c yc l e s  o f  PCR , dur i ng wh i c h  t h e  DNA 
be came ful l y  doub l e - s t randed ( Fi gure 1 3 ) . No amp l i f i cat i o n  
i s  achi eved by  t h i s  procedure . 
The two gene f ragment s  were diges ted w i t h  TaqI  ( New 
Engl and B i o l abs ) r e s t r i c t i on endonuc l e ase  to c r e a t e  
" s t i c ky "  ends for  l i gat ion ( Fi gure  1 3 ) . Bo th  f r a gment s  
were d i g e s ted  i n  a s i ngle  react ion h e l d  at  6 5°C f o r  2 hou r s . 
The two f r agments  were then l i gated together u s i ng T 4  DNA 
l i g a s e  ( New Engl and B i o l abs ) at  1 5°C for  1 6  hours . 
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Figure 1 3 : S trategy for synthesis of pro-GnRH / GAP 
pseudogene . Doubl e  s t randed gene f ragme n t s  were  ma de by 
PCR ext e n s i on ( 5  c yc l e s )  of  ove r l apping  s ynthe t i c  
o l i gonu c l eot i de p r ime r s . T h e  f ragme n t s  were  d i g e s t e d  w i t h  
T a q I  and l i gated . The inta c t  pse udogene w a s  amp l i f i ed and 
the S a c I  and H i nd I I I  r e s t r i c t ion  s i t e s  s imu l t aneou s l y  added 
by 3 5  cy cl e s  of PCR . 
5' 3' 5' 3' 
-.......--r-I I T"""--r--il I I -"""--1 I �I I I" 
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Two s h o r t  o l i gonucl eot ide pr ime r s  were p repared which 
wou l d  annea l  to  the 3 '  ends  of  the two s t rands of  the pro-
GnRH/ GAP g en e ,  r e s p e c t i ve l y . The s e  p r ime r s  cont ained 
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e x t r a  unpa i red nuc l e o t i de s ,  encomp a s s ing  the respective  
SacI  an d  H indI I I  r e s t r i c t i on s i t e s  ( Fi gure  1 3 ) . The  pro­
GnRH/ GAP gene  was then  amp l i f i e d ,  and the r e s t r i c t ion  s i t e s  
w e r e  s imu l t aneou s l y  added b y  3 5  c y c l e s  o f  PCR . 
Pr epa r a t i o n  o f  Me t ( - )  HBc-pto-GnRH/ GAP exp r e s s ion  
vector . pUC 1 8N exp r e s s i on p l asmid cont a i ning  the Met ( - )  
HBc gene and the p ro -GnRH/ GAP ps eudogene we re d i g e s t ed 
s ep a ra t e l y  w i t h  S a c I  and H i nd I I I  r e s t r i c t i on endonuc l ea s e s  
a t  3 7°C f o r  2 hour s . The p ro -GnRH/ GAP gene const ruct was 
then l i g ated into  the p l asmid w i th T 4  DNA l i ga s e  ( 1 5°C , 1 6  
h r ) a t  a 1 0 : 1  r a t i o  o f  inse rt  to  p l a smid . 
The l i ga t i o n  mixture was used  d i rect l y  to  t r ans f o rm 
TB 1 E .  co l i  competent  c e l l s . Trans forman t s  were g rown on  
agar  s uppl emented w i th 5 0  �g/ml amp i c i l l in ,  and  indiv i dua l 
c o l o n i e s  were  s cr eened for  the i n s e r t . P l a smid  mini -preps  
( s ee  DNA Pur i f i c at i on ) f rom each colony were subj ected  to  
d i ge s t i on by  Nco I a nd  H i nd I I I  r e s t r i c t i on endonuc l ea s e s , 
which was p redicted  to y i e l d  two DNA fr agme n t s  o f  2 . 6  kbp 
and 7 2 0  bp , r e s p e c t i ve l y .  P l a smids y i e lding d i ge s t i on 
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produ c t s  w i th the expected cha i n  l engths were s ubj ected  to 
DNA s e quence anal ys i s  to  ensure p roper s e l ect ion of c l on e s . 
A l a rg e- s c a l e  p l asmid prepara t i on was gene rated f rom a 
s i n g l e  c lone conta i ni ng the correct  Met ( - ) HBc-pro-GnRH / GAP 
gene s e quence . 
The DNA s e quence and corre sponding p rot e i n  tran s l a t ion 
of the Met ( - ) HBc - PG gene is  shown i n  Figure 1 4 . I n  the 
prot e i n ,  Met 6 6  of  HBc is  changed to Thr ,  Met 9 3  to I l e ,  and 
C ys l 0 7 to  Al a ,  and Leu l 0 8  to Val . Fur t he r ,  HBc i s  encoded 
wi th  a 1 9  r es i due C - t e rminal  de l e t i on and a b r i dge of 5 
ext raneous amino acids  ( I NSSS ) at  i t s  C - t e rminu s . A Met  
r e s i due is  located  between the fus ion partne r s . I n  the 
s e quence of  p ro-GnRH / GAP , Cys 4 0  is  changed to Ser  to 
prec lude the pos s i b i l i t y  of unwanted d i s u l f i de bond 
forma t i on . 
Exp r e s s ion and pur i f ic a t ion o f  Met ( - ) HBc-pro-GnRH / GAP 
fus ion prote i n . Protoco l s  for expre s s i on and pur i f i ca t i on 
were the s ame as  tho s e  used  previous l y  for HBc ( Zheng e t  
a l ,  1 9 9 2 ) . The pUC 1 8N Met ( - ) HBc-pro-GnRH /GAP p l a smid 
prepa rat ion was used  i n  a fre sh  t rans format ion o f  TB l E .  
co l i  and grown in  medium containing  1 0  g c a s e i n  e n z yma t i c  
h ydro l ys a t e , 1 0  g ye a s t  e xtrac t ,  5 g NaC l , 1 g g l ucos e ,  and 
Figure 1 4 : DNA and predicted amino acid sequence of HBc­
pro-GnRH/ GAP cons truc t . The f u s i on const ruct encode s HBc 
w i t h  four  ami no a c i d  s ub s t i t ut ions ( Met 6 6  to Thr , Met 9 3  t o  
l I e ,  Cys l 0 7  t o  A la ,  and Leu 1 0 8  to  Va l )  and a 1 9  r e s idue C ­
t e rmina l de l e t i o n ,  a br idge o f  f ive ext raneous amino a c i ds 
( l N S S S ) , a s in g l e  inte rna l  Met re s idue , and pro-GnRH /GAP 
w i t h  a s in g l e  amino acid s ubs t i tut ion ( Cys 4 0  t o  S e r ) . 
Re s t r i ct ion s i t e s  a re  indicated by unde r l i ned bol d - f a c e  
t ype . The  s t op codon i s  ind i cated by 0 .  
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Nco ! 
CCATGGACATC GACCCTTATAAAGAAT TTGGAGCTACT GTGGAGTTACTCTCGTTTTTGC 
M D I D  P Y K E F G A T  V E L  L S F L P 
GGTACCTGTAGCTGGGAATATTTCTTAAACCTCGATGACACCTCAATGAGAGCAAAAACG 
C T T C T GAC TTCTTTCCTT CAGTACGAGATCTTCTAGATACCGCCTCAGCTCTGTATC GAG 
S D F F P S V R D L L D T A S A L  Y R E 
GAAGACT GAAGAAAGGAAGTCATGCTCTAGAAGATC TATGGCGGAGTCGAGACATAGCTC 
AAGCCTTAGAGTCTCCTGAGCATTGTTCACCTCACCATACTGCACT CAGGCAAGCAATTC 
A L E  S P E H C S P H H T A L  R Q A I L 
T T CGGAATC TCAGAGGACTCGTAACAAGTGGAGTGGTATGACGTGAGTCCGTTCGTTAAG 
T T T GC TGGGGGGAGTTAACCACTCTAGCTACC TGGGTGGGTGTTAATTTGGAAGATC CAG 
C W G E L  T T L  A T W V G V N L E D  P A 
AAACGACCCCCCT CAATTGGTGAGATCGATGGACCCACCCACAATTAAACCTTCTAGGTC 
92  
CGTCTAGAGACCTAGTAGTCAGTTATGTCAACACTAATATAGGCCTAAAGTTCAGGCAAC 
S R D L V V S Y V N T N I G L K F R Q L 
GCAGATC T C TGGATCATCAGTCAATACAGTTGTGATTATAT C CGGATTT CAAGTCCGTTG 
T C T TGTGGTTTCACATTTCTGCAGTCACTTTTGGAAGAGAAACAGTTATAGAGTATTTGG 
L W F H I S  A V T F G R E T  V l E Y  L V 
AGAACACCAAAGTGTAAAGACGT CAGTGAAAACCTTCTCTTTGTCAATATCTCATAAAC C  
TGTCTTTC GGAGTGTGGATT CGCACTCCTCCAGCTTATAGACCACCAAATGCCCCTATCC 
S F G V W I R T P P A Y  R P P N A P  I L 
ACAGAAAGCCTCACACCTAAGCGTGAGGAGGTCGAATATC TGGTGGTTTACGGGGATAGG 
TATCAACACTTCC GGAGACTAC TGTTGTTAGACGACGAGGCAGGTCCCCTAGAATTAATT 
S T L P E T  T V V R R R G R S P R I N S  
ATAGTTGTGAAGGCCTCTGATGACAACAAT CTGCTGCTCCGT CCAGGGGATCTTAATTAA 
SacI 
CGAGCTCCATGCAGCATTGGAGCTAT GGCCTGCGTCCGGGCGGCAAACGTGATGCGGAAA 
S S M Q H W S Y G L R P G G K R 0 A E N 
GCTCGAGGTACGTCGTAACCTCGATACCGGACGCAGGCCCGCCGTTT GCACTACGCCTTT 
ACCTGATTGATAGCTTTCAGGAAATCGTGAAAGAAGTGGGCCAGCTGGCGGAAACCCAGC 
L I D  S f Q E I V K E V G Q L A E T Q R 
T GGACTAACTATCGAAAGTCCTTTAGCACTTTCTTCACCCGGTCGACCGCCTTTGGGTCG 
GTTTCGAAAGCACCACCCATCAGCCGCGTAGCCCGCTGCGTGATCTGAAAGGCGCGCTGG 
f E S T  T H Q P R S P L R 0 L K G A L  E 
CAAAGCTTT CGTGGTGGGTAGTCGGCGCATCGGGCGACGCACTAGACTTTCCGCGCGACC 
H indI I I  
AAAGCCTGATTGAAGAAGAAACCGGCCAGAAAAAAATCTAAGCTT 
S L I E  E E T G Q K K I 0 
TTTCGGACTAACTTCTTCT TTGGCCGGTCTTTTTTTAGATTCGAA 
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5 0  mg amp i c i l l in p e r  l i t e r . An 8 0  L cul ture was grown i n  a 
manu a l l y  cons t ructed f e rment a t i on s y s t em .  C e l l s  were  
harve s ted  a t  42  hours after  innocu l a t i o n ,  and  3 4 0  g of  wet  
ce l l  ma s s  was r e cove r ed . 
The c e l l s  were sheared under h i gh p r e s sure  i n  2 L o f  
d i s t i l l ed wat e r ,  u s ing a cont i nuous f l ow micro f l u i di z e r  
( Ave s t i n )  . I n s o l ub l e  deb r i s  was r emoved by  cen t r i fuga t i on  
( 2 6 , 0 0 0  X g ,  1 h r ) . Solid  ammon i um s u l f a t e  was added to  4 5 % 
s a t u r a t i on ( 2 7 7  g i L ) , and the p r o t e i n  p r e c i p i t a t e  was 
recovered b y  cen t r i fuga t i on ( 1 0 , 0 0 0  x g for  30  min ) . The 
p r e c i p i t at e  was red i s s o l ved i n  8 0 0  ml and d i a l y z e d  a g a i n s t  
two changes o f  d i s t i l l e d  w a t e r  ( 1 0  L )  a t  4°C . The d i a l y s a t e  
was c l a r i f i e d  b y  cent r i fuga t ion ( 1 0 , 0 0 0  x g for  1 hou r ) and 
app l i ed to  a 1 . 2 L c o l umn of hydroxyapat i t e , p repared 
according to  s t andard methods ( Je nkins , 1 9 62 ) , and pre­
e qu i l i br ated  i n  5 0  mM pho sphate buf fe r  pH 6 . 8 .  The fus ion  
protei n  was e l ute d  i n  7 L of  e qu i l ib ration  bu f f e r  and  was 
p r e c i p i t a ted with ammon i um sul fate  a s  before . 
The p ro t e i n  was then di s so l ved i n  approxima t e l y  2 5 0  ml 
di s t i l l e d  water and app l ie d  to a 6 L Sepha rose  CL- 4 B  c o l umn 
whi c h  was p r e - e qu i l ibrated i n  50 mM pho sphate  bu f f e r  pH 
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6 . S .  E l ut i on o f  the p r o t e i n  was mon i tored b y  mea s u r i n g  the 
absorbance a t  2 S 0  nm of individu a l  f ractions  ( 2 5 ml ) . P e a k  
f r a c t i on s  w e r e  a s s a yed f o r  t h e  p re s ence o f  H B c  by  E L I SA 
us i ng r abb i t  ant i s e rum ( Zheng e t  a l ,  1 9 92 ) . The p e a k  
fract ions  w e r e  poo l ed and l yophi l i z ed . The l yoph i l ys a t e  
w a s  r ed i s s o l ved and d i a l yzed  aga i n s t  di s t i l led  water . 
Fina l l y ,  the f u s i o n  pro t e i n  was re covered b y  
l yoph i l i z a t i on . 
Immuno l o g i c a l  determi n a t i o n  o f  HBc-pro-GnRH / GAP and 
pro - GnRH / GAP concen t r a t i on . The HBc-pro-GnRH/ GAP fus i on 
pro t e i n  concentra t ion was e s t ima ted us i ng the ant i -HBc 
E L I SA ( Zheng et a l ,  1 9 92 ) . We as sumed that ant i -HBc 
ant ibodi e s  b i nd HBc and HBc-pro-GnRH /GAP w i th equal 
a f fi n i t y  and that a l l  HBc immunoa c tivi t y  i n  the HBc-pro­
GnRH/ GAP s amp l e s  c orre sponds to intact  fus ion  p r o t e i n . 
S e r i a l  di l u t ions  o f  HBc-pro- GnRH / GAP s o l u t i ons and o f  
a 1 . 4  mg/ml s tandard HBc sol ut ion were ana l yzed  
s imul t aneous l y .  The opt i c a l  dens i t y  o f  the s tandard HBc 
s amp l e s  was used to const ruct a s t andard cu rve from whi ch 
the HBc concentra t i on ( mg/ml ) in  HBc-pro-GnRH / GAP samp l e s  
was e s t imated . The approx imate  mo l e c u l a r  we i gh t s  o f  HBc­
pro-GnRH / GAP , HBc ,  and pro-GnRH / GAP are  2 6 ,  l S ,  and S kDa , 
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r e s pe c t i ve l y .  Thus , the mo l e c u l a r  we i ght  r a t i o s  o f  
HBc : HBc-pro- GnRH/ GAP ( 1 8 : 2 6 )  and HBc : pro-GnRH / GAP ( 1 8 : 8 ) 
were  u s e d  to e s t ima te  the concent r a t i on (mg/ml ) o f  HBc -pro­
GnRH / GAP and p r o-GnRH / GAP , respe c t i ve l y . 
Re l e a s e  and pur i f i ca t i on o f  i nta ct  pro -GnRH / GAP . The  
HBc-pro-GnRH / GAP fusion  prot e i n  was  t r e ated wi th B rCN to 
separate the fusion partne r s . The fus ion p ro t e i n  was 
d i s s o l ved  in  7 0 %  ( v/ v )  formic  acid at  a concent r a t i on of 3 0  
mg/ml . BrCN was added to a 1 0 0 0  fo l d  mol ar exce s s  over Met  
r e s i due s ,  as s uming two Met r e s i dues per  mo l e c u l e  and 1 0 0 %  
pur i t y  o f  the fus ion prot e i n . The react i on was a l l owed t o  
p roceed  i n  t h e  dar k  for 2 4  hours  at  room t emperature , a f t e r  
w h i c h  the s o l u t ion w a s  d i l uted 1 0  fo ld  wi th  di s t i l l e d  
wate r ,  a n d  l yophi l i z ed . The extent o f  react ion was 
moni tored  b y  SDS- PAGE . 
Fo l l owing d i g e s t i on w i th BrCN,  the s o l ub i l i t y  o f  the 
components  of  the react i on mixture was inve s t i gated u s i ng 
succe s s i ve extr ac t ions  w i t h  wa t e r ,  5 0  mM pho sphate bu f f e r ,  
pH 6 . 8 , and S DS - PAGE s amp l e  bu f f e r  ( 2 % [ w / v ]  S DS ,  1 0 % [ v/ v ]  
g l yc e ro l , 5 % [ v/ v ]  2 -me rcaptoethanol in  6 2 . 5  mM T r i s  bu f f e r ,  
p H  6 . 8 ) . The prot e i n  components  in  each extract  were 
de t e rmined by  S DS - PAGE . 
I nt a c t  p ro- GnRH / GAP was separated f rom HBc and o t h e r  
r e a c t i on b yp rodu cts  b y  e x t r a c t i o n  w i t h  phosphate bu f f e r . 
The l yoph i l ys a t e  cont a i ning  the c l eavage products  was 
suspended in  50  roM pho sphate bu f f e r ,  pH 6 . 8  and s t i rred  
ove r n i gh t  a t  room tempe rature . I n s o l ub l e  produ c t s  were 
9 7  
removed b y  c e n t r i fugat i o n ,  and the succe s s fu l  extract i on o f  
pro-GnRH / GAP was conf i rmed b y  SDS - PAGE . 
The pho sphate extract  cont a i n ing pro-GnRH / GAP was then 
l yoph i l y z e d ,  d i s s o lved i n  di s t i l l ed wate r ,  and s ub j e c t e d  to 
prep a r a t i ve reve r s ed-phas e  HPLC . The pur i t y  o f  the HPLC 
f r a c t ions  was a s s e s sed by SDS-PAGE ,  anal y t i c a l  reve rs ed­
phase HPLC , and e l e c t rospray ma s s  spect rome t r y  ( E S /MS ) . 
Fract ions cont a i ning pu re pro-GnRH/ GAP were poo l ed and 
l yoph i l i z ed . 
W e s t e rn b l o t  ana l ys i s . The HBc-pro- GnRH / GAP f u s i o n  
p ro t e i n  a n d  the produc ts  ob t a i ned a ft e r  BrCN c l e avage w e r e  
v i s ua l i zed  by  W e s t e rn b l o t  anal ys i s . Samp l e s  were  
s ub j e c t e d  to S DS - PAGE ( 1 8 % )  and  e l e c t rob l o t ted onto PVDF 
membran e s .  Pro t e i n  t rans f e r  was done at  room t emperature  
for 1 h r  a t  a constant  current  o f  2 . 5  rnA per  cm2 membrane . 
P r o t e i n s  were f ixed to the membrane w i t h  1 0 %  ( v/ v )  
forma l dehyde i n  wa t e r , washed wi th PBS , and blocked  w i t h  
5 %  ( w / v )  dry  mi l k  i n  PBS . The membrane was then i ncubated 
ove r n i gh t , a t  room temperature , w i th the approp r i ate  
ant ibody ( an t i -pro-GnRH / GAP or  horseradish  peroxidase  
conj ugated ant i -HBc ) . Each p r imar y  antibody was di luted  
1 : 2 0 0 0  in  PBS . 
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Ant i -HBc b l o t s  were deve loped w i th 0 . 0 3 % ( v/v ) hydrogen 
perox i de , 0 . 6  mg/ml chloro-naphtho l ( S i gma ) , 2 0 % ( v/ v )  
met hano l i n  PBS . An t i -pro-GnRH / GAP b l o t s  we re blocked  a s  
b e fore , washed w i th PBS , and i ncubated w i th a l ka l ine  
phosphat a s e  con j ugated goa t  an t i - rabb i t  I gG ( B iosource 
I nternat i o na l ) d i luted 1 : 2 0 0 0 . The b l o t  was washed w i t h  
P B S  f o l lowed by  5 mM MgC 1 2 ,  1 0 0mM T r i s , p H  9 . S , p r i o r  to 
deve l opment w i th S -bromo - 4 -chloro - 3 - i ndo l yl phospha t e / n i tro  
blue  t e t r a z o l i um ( S i gma ) . 
Prepara t i on o f  synthe t i c  o l igonuc l e o t i de s . 
O l i gonuc l e o t i de p r imer s  were s ynthe s i zed  by  the VCU Nuc l e i c  
Ac i d  Core  Fa c i l i t y . Long p r ime rs  used  to gene rate  
i nd i v i du a l  f r a gmen t s  o f  the p ro- GnRH/ GAP p s eudogene were  
pur i f i e d  by  S DS - PAGE . The DNA wa s e l uted f rom the g e l  w i t h  
O . S  M sodium a c e t a t e  and de s a l ted on a comme r c i a l l y  
ava i l ab l e  S ephadex G- 2 S  col umn ( NAP- 1 0 ,  Pha rmac i a ) . Al l 
p r imers  were dr ie d  and redi s s o lved i n  di s t i l l ed wate r . The 
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ext i nc t i o n  coe f f i c i ent  for  each p r ime r was c a l cu l a ted based 
on tho s e  of  the i ndi v idu a l  bas e s  ( A : 1 6 , 0 0 0 ;  G : 1 2 , 0 0 0 ;  
C : 7 , 0 0 0 ; T : 9 , 6 0 0  M-1 cm- 1 ) .  Thu s , the concent rat ion  o f  each 
p rime r so l u t i on was determined from its  absorbance a t  2 6 0  
nm . 
Po lyme r a s e  c ha in  r e a c t i o n  ( PCR) . Each c y c l e  o f  PCR 
cons i s t s  of me l t ing  ( 9 4 °C , 1 mi n ) , anne a l ing  ( 5 5°C , 2 min ) , 
and e x t ens i o n  ( 7 2°C , 3 0  s e c )  PCR react i ons were done i n  a 
vo l ume o f  1 0 0 �l con t a i n i ng 2 0 0  � dNT P ' s ,  Vent bu f f e r ,  and 
1 uni t  of Vent DNA po l yme rase  ( a l l  f rom New Engl and 
B i o l ab s ) . PCR extens ion  o f  l ong pr imers  repre s e n t i n g  the 
two f r a gmen t s  of  the p ro-GnRH/GAP gene wa s done at  an 
o l i gonu c l e o t i de concent ra t ion  of 2 5 0  nM .  Amp l i f i ca t i on o f  
the i n t a c t  pro-GnRH / GAP gene was done a t  an o l i gonuc l eo t i de 
concent r at i on o f  1 . 5  � .  
DNA pur i f i c a t i on . DNA products  o f  PCR react i on s  and 
re s t r i c t i on d i g e s t ions were rout ine l y  pur i f ied  by  agarose  
( 0 . 8 - 2 . 0 % ) g e l  e l e c t rophore s i s . DNA was recovered by  
exc i s io n  o f  the approp r i a t e  bands a nd  subsequent extract i on 
u s i ng a comme r c i a l l y  ava i l ab l e  k i t  ( Qiagen ) . M i n i ature  
(mini -p rep ) and l a rge sca l e  p l asmi d preparat ions were made 
u s i ng a comme r c i a l l y  ava i l ab l e  p l a smid i s o l at ion k i t  
( Q i agen ) . 
1 0 0  
1 0 1  
Results 
E xpr e s s i o n  and pur i f ic a t ion of  HBc-pro-GnRH/ GAP fus i o n  
pro t e i n . The HBc-pro- GnRH / GAP fus i on was exp r e s s ed i n  
t rans fo rmed E .  co l i  and pur i f ie d  a s  de s c r ibed . 
Approxima t e l y  3 4 0  g wet c e l l  mas s  was harve s t ed from 8 0  L 
bac t e r i a l  cu l t ur e ,  and the c rude ce l l  l ys a t e  was s t rong l y  
immuno r e a c t i ve to  ant i - HBc E L I SA .  
Af t e r  ammon i um sul fate  prec i p i t at i on and d i a l ys i s ,  the  
fus ion  p r o tein  yie ld  was determined to  be app roxima t e l y  2 . 4  
g b y  E L I SA .  T h i s  cor r e sponds t o  a n  exp re s s ion l evel  o f  3 0  
mg/ L  c u l t u r e  and i s  cons i s t ent with  no rma l HBc exp r e s s i o n  
l e ve l s  i n  t h i s  s ys t em ( Zheng e t  a I ,  1 9 9 2 ) As suming that  
all  fus i on p r o te i n  mo l e c u l e s  were inta ct , the p ro - GnRH / GAP 
content  w i t h i n  the fus i on p r o t e i n  was e s t ima ted to be 7 4 0  
mg . 
The fus ion p r o t e i n  solut ion  was subj ected  to 
h ydroxyap at i te chromatography , concent rated ,  and 
s ub s e quen t l y  s ubj ected to Sepharose  CL- 4 B  chromatog raph y ,  
as  des c r ibed . The ab sorbance at  2 8 0  nm o f  each frac t i on 
was me a s u r e d ,  and p e a k  frac t i ons were s ubj ected  to  ant i - HBc 
EL I SA .  The b u l k  o f  the UV abso rbance and HBc 
immuno a c t i v i t y  re s i des i n  the l a rge middle p e a k  ( Fi gure  
1 5 ) . Thi s e l u t i on pro f i l e  i s  very s imi l a r  to that o f  HBc 
( Zheng et a l , 1 9 9 2 ) and i s ,  thus , con s i s t ent  w i t h  the 
forma t i on of core  par t i c l e s . 
1 0 2 
Under r educ ing  condi t i ons , HBc migrates  as  monome rs  on  
SDS - PAGE ( Z heng e t  a l ,  1 9 9 2 ) . SDS - PAGE o f  the middl e p e a k  
f r a c t i ons ( Fi gure  1 5 )  reve a l ed a s i n g l e  maj o r  band 
c o r r esponding to  a mo l ecu l a r  we i ght of app roxima t e l y  2 6  
kDa , which i s  the p redicted mo l e cu l a r  we i ght  o f  HBc-pro­
GnRH/ GAP ( Fi gure  1 6 ) . 
The s e  f r a c t ions we re comb i ned and the poo l was 
subj e c t e d  to  ant i -HBc E L I SA .  T h i s  reve a l ed a n  HBc-pro­
GnRH/ GAP co ntent  o f  about 1 4 6 0 mg , wh i ch corresponds to  
about  4 5 0  mg  o f  pro-GnRH/GAP . I nt e r e s t i ng l y ,  HBc-pro­
GnRH/ GAP was found to be immuno react ive to  ant i - pro­
GnRH/ GAP E L I SA,  showing that the pro-GnRH/ GAP p ro ce s s ing  
s i te  ep i tope is  expo sed on the sur face o f  the core  
p a r t i c l e . 
Re l e a s e  and pur i f i c a t i o n  o f  i n t a c t  pro - GnRH / GAP . The 
HBc-pro-GnRH/ GAP fus ion was t reated with BrCN as  de s c r ibed ,  
and  the progre s s  o f  the react i on was moni to red by  SDS - PAGE 
( Fi gure  1 7 ) . Aft e r  2 4  hour s ,  the 2 6  kDa band was ne a r l y  
1 0 3  
Figure 1 5 : Sepharose CL- 4B chromatography of HBc-pro­
GnRH / GAP fusion protein . The fus ion  prote i n  preparat i on 
obt a i ned  a f t e r  hydroxyapat i t e  chromat ography was app l i ed t o  
a Sepha r o s e  CL- 4 B  column dev e l oped i n  5 0  mM phospha te  
bu f f e r , pH 6 . 8 .  The absorbance o f  each  f ra c t i on ( 2 5  ml ) 
was mea s ured a t  2 8 0  nm ( l i ne graph ) . S e lected  f r a c t i o n s  
( i ndicated  by arrows ) we re subj ected to  a n t i -HBc EL I SA ( ba r  
graph ) . fra c t i o n s  cont a i n ing  the peaks  o f  absorbance and 
immunoa c t i v i t y  ( 5 8 - 1 1 0 ,  indicated by t he bracketed l i ne ) 
were  poo l ed . 
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Figure 1 6: SDS - PAGE analysis of Sepharose CL-4B 
chromatography fractions . I ndividua l f ract i ons unde r the  
p e a k  o f  abso rbance and immunoact iv i t y  i n  the Sepha r o s e  CL-
4 B  e l u t i on p ro f i l e  ( Fi gure 1 5 )  were  ana l y zed by S D S - PAGE . 
Samp l e s  were  sub j ected to  e l ect rophore s i s  a t  2 0  rnA con s t ant 
current i n  an 1 8 %  s l ab g e l . Lane 1 cont a i n s  prot e i n  
s t andards ( l ow range k i t , I nt egrated Sepa r a t i on S y s t ems ) . 
Lanes  2 - 8  cont a i n  S epha rose  CL- 4 B  f ract i ons 58 , 6 7 , 7 6 ,  8 4 , 
92 , 1 0 1 ,  and 1 1 0 ,  re spect ive l y . Prot e i ns were  v i s ua l i zed  
w i t h  Coomma s s i e  s t a i n . 
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Figure 1 7 : SDS - PAGE analys i s  of BrCN diges tion products of 
HBc-pro- GnRH/ GAP . The puri f i ed fus i on prot e i n  was subj e t ed 
t o  BrCN c l eavage , and the react i on products  were  
cha ract e r i zed by  S D S - PAGE . Samp l e s  were  subj ected  to  
e l e c t r opho r e s i s  at  10  rnA const ant current in  an 1 8 %  s lab 
g e l . Lane 1 cont a i ns prot e i n  s t anda rds ( l ow range k i t ,  
I n t e g r a t ed Separat ion S y s t ems ) . Lanes 2 - 4  cont a i n  
decrea s i n g  amoun t s  o f  t h e  BrCN react i on mixture  ( 3 50 , 1 0 0 ,  
and 3 0  �g t o t a l  p ro t e i n ,  re spect ive l y ) . Prote i ns were  
v i s ua l i zed  w ith  Coomma s s i e  s t a i n . 
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dep l e t e d  and a new 6 kDa band , repre senting  pro- GnRH/ GAP , 
app e a r e d ,  sugge s t ing  that the react ion i s  nea r l y  comp l e t e . 
An 1 8  kDa band,  repres ent i ng HBc , was a l s o ob s e rved,  
but a t  much lower inten s i t y  than the p ro- GnRH/ GAP band . 
However ,  a s ub s tant i a l  amount o f  Cooma s s i e  s t a i ned ma t e r i a l  
rema i ned at  t h e  top o f  t h e  g e l . I t  i s  po s s i b l e  that a 
l arge  po r t i on o f  c l e aved HBc fo rms aggregat e s  wh i c h  do not  
enter  the runn i ng  g e l . 
The HBc-pro-GnRH / GAP f u s i o n  p r o t e i n  and p roduc t s  
obt a i ne d  a f t e r  t r e a tment wi th B rCN were further  
cha ract e r i z e d  b y  W e s t e rn b l o t  ana l ys e s  u s i ng both HBc and 
p ro- GnRH / GAP ant i s e ra  ( Fi gure  1 8 ) . On l y  the intact  fus i on 
prot e i n  r e a c t s  w i th the HBc ant i s e rum, whe r e a s  the p ro­
GnRH/ GAP ant i s e rum reacts with both the fus i on p r o t e i n  and 
the band corre sponding to pro-GnRH / GAP . Because the pro­
GnRH / GAP an t i s e rum was r a i s ed a g a i n s t  a pep t i de immunogen 
that encomp a s s e s  the p ro- GnRH / GAP proce s s ing  s i t e ,  t h i s  
f inding shows t h a t  t h e  recombinant p rohormone obt a i ned 
a f t e r  BrCN t r e a tment r e t a i ns an intact p roce s s ing s i te . 
We  i nve s t i gated the separat ion o f  pro-GnRH / GAP and HBc 
f rom the B rCN r ea c tion  mixture us i ng so lvent extract ion . A 
sma l l  port i on o f  the BrCN digest  mixture was extracted  
1 1 0 
Figure 1 8 : Wes tern blot analysis of BrCN diges tion products 
of HBc-pro-GnRH / GAP . The i ntact  fus i on pro t e i n  ( l ane s 1 
and 3 )  and the  products obt a i ned a f t e r  BrCN c l eavage ( l ane s 
2 and 4 )  w er e  v i s ua l i zed by W e ste rn  blot  ana l ys i s . 
Prot e i ns w er e  sub j ected to  SDS - PAGE ( 1 8 %  a c r y l am i de ) and 
e l e c t r ob l o t t ed onto PVDF membrane s . ( A )  Ant i -HBc 
immunob l o t . The b l ot was i ncubated w i t h  ho r s e radi sh  
peroxidase  conj ugated ant i - HBc rabb i t  s erum and  deve l oped 
w i t h  c h l o ro-naphthol  ( S i gma ) . B )  Ant i - pro-GnRH /GAP 
immunob l ot . The b lot  was incuba ted s e quent i a l l y  w i t h  ant i ­
pro-GnRH / GAP rabb i t  se rum and a l ka l ine phosphat a s e  
conj ugated g o a t  ant i - rabb i t  I gG ( B i osource I n t e rnat i ona l ) 
and deve l oped w i t h  5-bromo - 4 -c hloro - 3 - indo l y l  
phospha t e / n i t ro b lue t e t r a z o l ium ( S i gma ) . 
1 1 1  
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f i r s t  w i t h  di s t i l l ed water  and then with  phosphate bu f f e r . 
The r e s i du a l  ma t e r i a l  was found to be so lub l e  in  SDS - PAGE 
s amp l e  bu f f e r . Al l s amp l e s  were ana l yzed  by S D S - PAGE 
( Fi gure  1 9 ) . The water  extract  cont a i ned no prote i n ,  but 
the phosphat e  e x t r a c t  cont a i ned a s in g l e  band a t  6 - 8  kDa . 
The r ema i n ing  mat e r i a l  con t a i ned two ma j or bands at  2 6  and 
1 8  kDa , cor r e sponding to intact  HBc-pro -GnRH / GAP fus ion 
prot e i n  and to HBc ,  re spect i ve l y .  Thus , pho sphat e  bu f f e r  
w a s  u s e d  t o  extract  p ro- GnRH / GAP f rom the reaction  mixture . 
The phosphate extract  o f  pro-GnRH / GAP was de s a l ted  by  
preparat i ve reve rs e-phase HPLC a s  shown ( Fi gure  2 0 ) . 
I ndiv i du a l  HPLC fract ions were ana l y zed by  ES /MS ( Fi gu r e  
2 1 ) . A s in g l e  maj o r p e a k  at  7 8 6 0 atomic  ma s s  uni t s  was 
obse rved i n  a l l  HPLC fract ions 52  through 5 5 . As s uming 
c yc l i z a t ion of  the N- t e rminal  G l n  r e s i due to  pGl u ,  the  
observed ma s s  is  in  exact agreement with  the c a l cu l a ted  
mo l e c u l a r  we i ght o f  pro-GnRH / GAP . By vi rtue of  the s i n g l e  
p e a k ,  w e  c a n  concl ude t h a t  pro-GnRH / GAP w a s  pu r i f i ed t o  
homogene i t y  and w a s  ob ta i ned a s  t h e  i ntact  propro t e i n . 
H PLC fract i on s  5 2 - 5 5  were pooled and l yophi l i z e d ,  and 
1 8 7  mg of pure p rohormone was re covered . We a t t emp ted  to 
con f i rm our r esu l t s  b y  N- t e rmina l s e quence ana l ys i s ,  but 
1 1 3 
Figure 1 9 : SDS - PAGE analysis of extracts from the BrCN 
reaction . Fo l l owing BrCN c leavage o f  the HBc-pro-GnRH /GAP 
f u s i on prot e i n ,  the react i on produc ts  were  succe s s ive l y  
extracte d  w i t h  wate r  ( l ane 2 ) , phosphat e  bu f fe r  ( l ane 3 ) , 
and the r e s idu a l  mat e r i a l  was s o l ub i l i zed in  SDS - PAGE 
samp l e  bu f fe r  ( l ane 4 ) . Lane 1 contains  prote i n  s t a nda rds 
( l ow range k i t ,  I nt egra ted Sepa rat i on S ys t ems ) . Samp l e s  
w e r e  subj ected  t o  e l ect rophore s i s  at  1 0  rnA con s t ant current 
in  an 1 8 %  s l ab g e l . Prot e ins were  v i s ua l i zed  w i t h  
Cooma s s i e  s t a i n . 
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Figure 2 0 : Preparative reverse-phase HPLC of recombinant 
pro-GnRH / GAP . Fo l l owing  extract ion  f rom the BrCN react i on 
mixtur e  i nt o  pho sphate buf f e r ,  pro-GnRH / GAP was pu r i f i e d  by 
prepa rat i ve reve r s e -pha s e  HPLC . The pro t e i n  was l oaded on 
a C - 1 8  c o l umn and e l uted in  a b ina ry  gradient  f rom 2 0 %  t o  
8 0 %  s o l ven t  B ( 0 . 1 % T FA, 8 0 %  aceton i t r i l e  i n  wate r )  i n  
s o l vent  A ( 0 . 1 %  T FA i n  wate r ) . The absorbance at  2 2 0  nm 
was r e corded and 0 . 5  min  frac t i ons were  col l e ct ed . 
Fract i o n s  5 1 - 5 6  were  a n a l y zed by mas s  spect rome t r y  ( s e e  
Figure  2 1 ) , and f ract i ons 5 2 - 5 5 w e r e  subsequent l y  poo l e d ,  
a s  i n d i cated b y  t h e  brac keted l ine . 
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Figure 2 1 : Mas s  spectrum of HPLC purified recombinant pro­
GnRH / GAP . H PLC f ract ion numbers  5 1 - 5 6  ( Fi gure 2 0 ) were  
ana l y z ed by e 1 e c t rospray ma s s  spect rome t r y  ( E S /MS ) The  
ma s s  spect rum o f  f ract i on number 5 3  is  shown . 
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the p ro t e i n  was no t suscept i b l e  to Edman degrada t i on . 
i s  con s i s tent w i th c yc l i z a t ion o f  the N- t e rminal  G I n  
r e s i due  to pGlu . 
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T h i s  
The p u r e  pro-GnRH / GAP preparat ion w a s  s ubj ected  t o  
amino a c i d  ana l y s i s  and w a s  found to cont a i n  t h e  predi c t e d  
ami no a c i d  compo s i t i on ( Tab l e  5 ) .  T h i s  con f i rms t h a t  the 
f in a l  p r eparation  was homogeneous for the fu l l  l ength 
proho rmone . 
Table 5 
Amino acid compositional analys is of recombinant 
pro-GnRH/GAP 
Ami no a c i d  Theore t i ca l  Actual Ac tua l /  
1 2 0  
Re s /mol Re s /mol Theor e t i c a l  
Asx 4 4 . 2 8 1 .  0 7  
G l x  1 5  1 4 . 6 6 0 . 9 8 
S e r  5 4 . 3 8 0 . 8 8 
H i s  2 1 .  6 4  0 . 8 2 
G l y  6 5 . 5 5 0 . 9 2 
T h r  4 3 . 8 6 0 . 9 6 
Ala 3 3 . 0 8 1 .  0 3  
Arg 5 4 . 8 6 0 . 9 7 
T y r  1 1 .  1 0  1 . 1 0 
Val 2 1 .  4 2  0 . 7 1 
T rp 1 0 . 7 8  0 . 7 8 
Phe 2 1 .  9 7  0 . 9 8 
I l e 4 3 . 2 3 0 . 8 1 
Leu 7 7 . 3 3 1 .  0 5  
Lys  5 4 . 5 9 0 . 9 2 
Pro 3 2 . 5 2 0 . 8 4 
1 2 1  
D i s cu s s i on 
S t ructural  ana l y s i s  o f  intact  p rohormone p recursor  
prote i n s  h as  s e l dom been  repo r t e d ,  p r ima r i l y  due  to the 
l a c k  of  methods for  the rout i ne p repa rat ion o f  prohormones  
in  h i gh y i e l d  and pur i t y . We were ab l e  to chemi c a l l y  
s yn t he s i z e  i n t a c t  pro-GnRH / GAP i n  h i gh y i e l d ,  but the 
pur i t y  of  our s yn th e t i c  prep a r a t i o n  was no t s u f f i c i en t  for  
s t ru c t u r a l  wo r k . 
Thu s , we deve loped a uni que  s t rategy  for the bac t e r i a l  
exp r e s s ion o f  recomb i nant pro-GnRH / GAP . Thi s s t rategy  
i nvo l ve d  th e  exp r e s s ion o f  pro-GnRH / GAP as  a C - t e rmina l 
fus ion p ar tn er  o f  HBc . T h i s  pe rmi t te d  pur i f i ca t i on o f  the 
fus ion p r o te i n  b y  the same techni qu e s  used  for w i l d  t yp e  
HBc . A f t e r  p u r i f i ca t i on ,  t h e  fus ion prot e i n  w a s  chemi c a l l y  
c l e aved w i t h  BrCN t o  y i e l d  inta c t  pro-GnRH / GAP and HBc . 
Pro- GnRH / GAP was s eparated from HBc i n  a s i n g l e  
pur i f i ca t i on s t ep by s o l vent extrac t i on . 
The HBc-pro-GnRH / GAP fus ion pro t e i n  was exp r e s s e d  a t  a 
l e v e l  o f  approxima t e l y  30 mg/ L  bacte r i a l  cu l ture . Thi s 
corre sponds to an exp r e s s ion l evel  o f  about 2 1  mg / L  for  HBc 
a l one , which is commensurate w i t h  norma l HBc exp r e s s ion 
leve l s  i n  t hi s s y s t em ( Z heng et  a l ,  1 9 9 2 ) . Thu s ,  the  
inco rpo r a t io n  of  pro-GnRH/ GAP a s  a C - t e rminal  fus ion  
partner  di d  not adve r s e l y  a f f ect  the exp re s s ion  of  the 
ca r r i e r  p ro t e i n . 
We t hought that  the addi t i on o f  a low mo l e c u l a r  w e i ght  
fus i o n  p a r t n e r  a t  the C - t e rminus o f  HBc  wou ld  not p r e c l ude 
the f o rma t i o n  o f  c ore  p a r t i c l e s . The r e fore  we a t t emp ted to  
pur i f y HBc-pro-GnRH / GAP according to  the procedu r e  norma l l y  
app l i e d t o  EBc p u r i f i c a t ion ( Zheng e t  a l ,  1 9 92 ) . 
L i ke HBc , HBc-pro-GnRH/ GAP was  e f f e c t i ve l y  
p r e c i p i t a ted b y  ammonium s u l f a t e  a t  4 5 %  s a t u r a t ion . The 
f u s ion  p r o t e i n  e l uted  in the bre a kthrough f r a c t ion o f  
hydroxyap a t i t e  chromatography,  and e l u t ed a t  app roxima t e l y  
the s ame po s i t i on a s  HBc o n  Sepha r o s e  CL- 4 B  chromatograph y . 
Thu s ,  i t  appea r s  that  the HBc-pro-GnRH/ GAP fus ion  r e t a i n s  
t h e  a b i l i t y  to  form c o r e  p a r t i c l e s  and po s s e s s e s  
phys i cochemi c a l  prop e r t i e s  s imi l a r  to  tho s e  o f  HBc . 
The HSc-pro-GnRH/ GAP fus ion p r o t e i n  i s  immuno r e a c t i ve 
to both  HBc and pro -GnRH/GAP an t i s e r a . I t  i s  expected  that  
the f u s ion  p r o t e i n  wou l d  re tain  ant i -HBc immunoact iv i t y .  
We expected HBc ep i topes 0 be present  o n  the e x t e r n a l  
s u r f a c e  o f  t h e  c o re  part i c l e ,  a s  the y a r e  i n  w i l d  t ype HBc . 
Howeve r ,  i t  i s  s urp r i s ing  that  HBc-pro-GnRH / GAP pos s e s s e s  
ant i -pro- GnRH / GAP immuno a c t i v i t y . 
We  thought t h a t  the pro-GnRH/ GAP po r t ion o f  the f u s i o n  
w o u l d  be s e que s t e red w i t h i n  t h e  i n t e r i o r  o f  the HBc -pro-
GnRH / GAP co re  p ar t i c l e  and be inac c e s s ib l e  to  s o l vent . 
Howeve r ,  t he  f a c t  that  we can detect  the pro -GnRH / GAP 
p ro ce s s i ng s i t e  epi tope in the fus ion  pro t e i n  i ndi c a t e s  
t h a t  t h i s  i s  n o t  t h e  c a s e . Rathe r ,  at  l e a s t  t h e  pro c e s s i n g  
s i r e  r e g i on o f  p ro-GnRH/ GAP i s  s u r f a c e expo sed even w i t h i n  
the  HBc-pro-GnRH/ GAP c o r e  p a r t i c l e . T h i s  r e s u l t  a l s o 
demon s t r a t e s  t ha t ,  desp i t e i t s  exposure  on the core  
pa r t i c l e  s u r f a ce , the pro c e s s ing s i t e  is  i n r a c t . 
B rCN c l eavage o f  HBc-pro-GnRH/ GAP y i e lded i n t a c t  pro-
GnRH / GAP a nd  HBc ,  a s  evidenced by the d i s s appe a r ance of  the  
26  I: Da  b a nd  a n d  the appea rance o f  a 6 l:Da band  ( p ro-
GnRH / GAP l and an 1 8  kDa band ( HBc l on  S D S - PAGE . 
The  ident i t i e s  o f  the 2 6  l:Da and 6 kDa bands we re 
con f i rmed b y  W e s t e rn b l o t  ana l ys i s  w i t h  the approp r i a t e  
ant ibodi es . An t i -HBc reacted w i t h  t h e  2 6  kDa band,  whe r e a s  
a n t i -pro-GnRH / GAP r e a c t ed w i t h  b o t h  t h e  2 6  l:Da  and 6 kDa  
bands . The f a c t  t h a t  the 6 l:Da band was  immuno r e a c t ive 
indi c a t e s  that  B rCN c l eavage d id  not a f f e c t  the i n t e g r i t y  
o f  the pro- GnRH / GAP p roce s s ing  s i te . 
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The pur i t y  o f  pro-GnRH / GAP was a s s e s s ed b y  N- t e rm i n a l  
s e quence anal ys i s ,  ami no a c id  ana l ys i s ,  a n d  ma s s  
spectrome t r y . Ami no a c i d  ana l y s i s  o f  the pro t e i n  reve a l e d  
t h e  p r e d i c t e d  ami no a c id  compo s i t ion and i ndi c a t e s  t h a t  the 
prep a r a t i on is  e s s ent i a l l y  homogeneous . 
The p rohormone d id  not s e quence , indi cat ing  that the 
N- t e rminus is  l i ke l y  to be b l o c ked . Re l e a s e  of  the 
prohormone was accomp l i shed via BrCN c l eavage of a Me t - G l n  
bond , w h i c h  gene r a l l y  cause s  c yc l i z a t ion o f  t h e  G l n  s ide 
cha i n  to f orm p y rogl u t amic a c id  ( p G l u ) . Howeve r ,  p G l u  i s  
not s u s c ep t i b l e  t o  s e quence ana l y s i s  b y  Edman degrada t i on . 
The pu r i t y  o f  the preparat i on and the conve r s i on o f  
the N - t e rminal  G l n  r e s i due t o  pGlu  were both con f i rmed by  
mas s  spectrome t r y . T he  ma s s  spect rum s howed a s i n g l e  ma s s  
spe c i e s  o f  7 8 6 0 AMU , wh ich agrees  exac t l y  w i th the 
c a l cu l a t e d  mo l ec u l a r  wei ght o f  pro-GnRH /GAP a f t e r  pGlu  
forma t ion . 
The forma t i on o f  an N- t e rminal  pGlu  res i due i s  o f  
l i t t l e  consequence , and may i n  fact b e  approp r i ate . N­
t e rmina l Gln r es i dues  o f ten rearrange spontaneou s l y  to f o rm 
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pGl u . Al s o ,  conve rs ion o f  the N- t e rminal  G l n  i n  pro­
GnRH / GAP to p G l u  is  nece s s a r y  for GnRH b i o l o g i c a l  a c t i vi t y . 
Our s t r ateg y  was succe s s fu l  i n  producing  pro-GnRH / GAP 
in s u f f i c i en t  y i e l d  and pur i t y  for b i ophys i c a l  and 
s t ructur al  ana l ys e s . T h i s  s t rategy  wou l d  l i ke l y  be an 
e f fe c t i ve method for the production of  other  prohormone s  
and other  i n t e rmedi a t e  cha i n  l ength p o l ypept ides i n  h i gh 
y i e l d  and pur i t y . 
E NZ YMATIC AND BIOPHYSICAL CHARACTERIZATION OF PRO-GNRH/GAP 
Experimen tal Strategy 
We h yp o t he s i z e  that the s t ructure o f  pro-GnRH / GAP 
p l ays a p i vo t a l  r o l e  in the regul a t i on o f  i t s  own 
endoproteo l y s i s . C l eavage o f  pro-GnRH / GAP b y  GAP- r e l e a s ing  
is  p r e d i c t e d  to be spec i f i c  for  the R 1 3 - D 1 4 pep t i de bond 
w i t h i n  p r o - GnRH / GAP . The s e quence , G6LRPGGKR1 3 , i s  
p r e d i c t e d  t o  form a n  Q- loop a t  the sur face o f  the pro t e i n ,  
which a c t s  as  a recogn i t i on e l ement  for GAP- r e l e a s ing  
e n z yme . Thus , we prepared hundred mg amount s  o f  p ro­
GnRH/ GAP in o rder to s tudy its  b i ophys i c a l  proper t i e s  and 
s t ructure . 
E n zyma t i c  charact e r i z a t ion o f  pro-GnRH / GAP . Pl asma 
k a l l i kr e i n  is a proc e s s i ng enzyme i nvo lved in the 
i n i t i a t i on of the i n t r ins i c  coagu l a t i on - k i n i n  pathway ( fo r  
review ,  s e e  Kap l an and S i lverbe r g ,  1 9 8 7 ) . Ka l l i k r e i n  i s  a 
s e r ine  p r o t e a s e  which c l eaves a f t e r  some , but not a l l ,  Arg 
r e s i du e s  i n  i t s  prot e i n  sub s t r a t e s .  For t h i s  reason , we 
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thought that  k a l l i k r e i n  may exhibi t  l imited  endopro teo l ys i s  
o f  p r o - GnRH/ GAP , i nc l ud ing c l eavage a t  the b i o l og i c a l l y  
r e l evant p ro c e s s ing  s i t e . Thus , we s tudi ed the  p roce s s ing  
of  pro-GnRH/ GAP b y  p l asma ka l l i k r e i n . 
B i ophys i c a l  charac t e r i z a t i on o f  p ro - GnRH / GAP . Mos t  
sho r t - ch a i n  pep t i de s  « 3 0 r e s idue s )  whi ch l a c k  i n t r a c h a i n  
cons t r a i nt s ,  s u ch a s  d i su l f ide bonds , have i nde f i n i t e  
s t ru c t u r e s  i n  s o l u t i on . Howeve r ,  l ow mo l ec u l a r  we i ght  
protein s  ( 1 0 0 - 2 0 0  re s i du e s ,  1 0 - 2 0 , 0 0 0  mo l e c u l a r  we i ght ) 
genera l l y  have we l l  de f ined t e r t i a r y  s t ructure . Pro-
GnRH/ GAP con t a i n s  6 9  ami no acid r e s i dues  and h a s  a 
mo l e c u l a r  we i ght  o f  7 , 8 7 8  Da . We predi ct , howeve r ,  that  
the s t ru c t u r e s  o f  prohormone p r o t e i n s  cont r ibute t o  the 
spec i f i c i t y  of  proce s s i ng . Thus , we thought that pro­
GnRH/ GAP ma y con t a i n  e l emen t s  of  s t ructure  i n  s o l u t ion . 
Fur thermo r e ,  i f  the s t ructures  o f  prohormones  are  dynam i c  
and r e gu l a t e  t he i r  own pro c e s s ing b y  unde rgoing  
con f o rmat i ona l changes  dur ing  di f f e rent s t ages  of  the 
s ec r e t o r y  pathwa y ,  it  is  l i ke l y  that changes i n  the 
chem i c a l  envi ronmen t  cont r i bu t e ,  i n  part , to  the s e  
s t ructur al  rearrangment s .  Thus , w e  thought that the 
s t ructur e  o f  pro-GnRH/ GAP may be s ens i t ive to change s in  
ionic  s t rength , c a l c ium concent r a t i o n ,  or  pH . 
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I n  the p r e s e n t  s tudy , we emp l o yed biophys i c a l  methods 
to l o o k  for evidence o f  s t ructure in pro-GnRH/ GAP and to 
a s s e s s  the r e sponse of t h i s  s tructure to  changing chemi c a l  
envi ronment s .  We a l so pe r f ormed p r e l iminary exper imen t s  to  
a s s e s s  the s u i t ab i l i t y of  the prohormone for  s t ructure 
ana l ys i s  by NMR protoco l s . 
We f i r s t  l oo ked f or  evidence o f  s t ructure in  the 
r e g i o n  o f  the p roces s ing  s i te . Pro-GnRH / GAP con t a i ns a 
s in g l e  T rp r e s i due wh i ch i s  i n  c l o s e  prox imi t y  to the 
proce s s i ng  s i te . Thus , i n f ormat ion regarding the T rp 
micro envi ronment i s  a good indicator  o f  the s t ructural  
o rgan i z a t ion of  the p roc e s s ing  site  r e g i on of  the 
prohormone . 
We p robed the T rp mi croenvi ronment by me asuring  the 
i n t r i n s i c  f l uo r e s cence proper t i e s  of  pro-GnRH / GAP . The 
r e l a t ive f l uores cence i n t en s i t y  and emi s s ion spe c t r a l  
po s i t i o n  o f  T r p  r e s idues are sens i t ive i n d i c a t o r s  o f  
quenching  c a u s e d  by l o c a l  groups and/ o r  so lvent . The 
max imum emi s s i on wave l ength for N ( Ac ) - Trp-amide in s o l ut i o n  
i s  3 5 5  n m  ( ex c i t a t i on wave l ength 2 9 7  nm ) , whe re Trp i s  
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f u l l y  s o l vated and f ree to rotate . I f  Trp i s  l ocated i n  a 
r e l a t i v e l y  nonpo l a r  env i ronment , such as  the i n t e r i o r  o f  a 
pro t e i n ,  both the exc i t at i on and emi s s ion wave l engths are  
b l u e  s h i f t e d  r e l a t i ve to  tho s e  of  N (Ac ) - T rp-am i de . Al s o ,  
as  a T rp r e s i due moves f rom a po l a r  envi ronment t o  a 
nonpo l a r  one ( fo r  ins tance , a s  a con s e quence o f  changing  
con f o rma t i o n ) ,  its  re l a t i ve emi ss i on int ens i t y  i n c r e a s e s . 
S t ru c t u r a l  per turbat i ons in  the region o f  the pro- GnRH / GAP 
proce s s i n g  s i te  a re  expected to a f f e ct  the T rp 
m i c ro envi ronment and , thus , i t s  i n t r i ns i c  f l uo r e s cent 
proper t i e s . 
C i r cu l a r  d i ch ro i sm spect roscopy ( CD )  i s  a us e fu l  probe 
of p ro t e i n  s e co nda r y  s t ructure . Data f rom CD expe r imen t s  
c a n  be u s e d  to  c a l c u l a t e  t h e  r e l a t ive cont r ibut ion  o f  t h e  
var i ous  s econdar y  s t ructural  e l emen t s  i n  a g iven p r o t e i n  o r  
pep t i de . Al s o ,  changes i n  s t ructure a r e  r e f l e cted b y  
changes i n  the  CD spect rum . We used CD to l o o k  for  
evidence o f  an d  change s in  se conda r y  s t ructure i n  pro-
GnRH / GAP . 
I f  pro- GnRH / GAP f olds into  a p r o t e i n  l i ke s t ructu r e , 
then i t  wou l d  be expected to unde rgo therma l i nduced 
trans i t ions t yp i c a l  of low mo l e c ula r  we i gh t  p r o t e i ns , but 
absent i n  uno rdered pept ide s . The r e fore , we used  
di f f e r en t i a l  s canning calo rime t ry ( DS C )  to obse rve any  
thermal i nduced conformat ional changes in  pro-GnRH / GAP . 
Quan t i t a t i ve determinat i on o f  so lut ion-pha s e  prot e i n  
s t ructure  requ i re s  a comprehens i ve ana l ys i s  o f  
mul t idimens i onal  NMR da ta l e ading t o  s e quence spe c i f i c  
r e s onance a s s i gnmen t s  and the de l i neation  o f  d i s t ance  
con s t ra i n t s  ( c .  f . , Wut r i ch ,  1 9 8 6 ) . Once s u f f i c i en t  
i n f o rma t ion i s  ob t a i ned,  comput e r  mode l i ng c a n  be u s e d  to  
i dent i f y spe c i f i c  s t ructural features  or  to  s o lve the  
comp l e t e  three-dimens iona l s t ructure of  the p r o t e i n . 
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The u s e fu l n e s s  o f  these  methods i s  fundamenta l l y  
dependent o n  the r e sol ut ion  o f  individual  r e s onances i n  the 
NMR spect rum . The ma j o r l imi t a t ion on the resolut i on o f  
NM R  spec t r a  o f  macromo l e cu l e s  i s  spe c t r a l  l ine broaden i n g . 
T h i s  i s  due to  the shorter r e l a xa tion  t ime s o f  
mac romo l ecu l a r  nuc l e i  and i s  exacerbated b y  aggre g a t i on 
wh i ch some t imes occurs at  the pro t e i n  concen t r a t i ons ( � 1  roM ) 
requ i red for NMR exper iment s . The r e f o r e , i t  i s  f i r s t  
neces s a r y  to  de f i ne emp i r i c a l  chemic al  condi t i on s  t o  
opt imi z e  the spectral  r e sol ution  f o r  a g iven pro t e i n . 
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We conduct ed  p re l iminary lD and 2 D  lH NMR exper iment s  
w i t h  p ro - GnRH / GAP under d i f f e ren t  chemical  cond i t i ons w i t h  
t h e  i n t ent o f  de f i ning cond i t ions whi c h  would  a l l ow u s  t o  
so lve  i t s  s o l u t i on s t ructure by NM R  protoco l s . These  
spec t ra were ana l yze d  f or  spe c t r a l  r e s o l ut i on of  key  
regions , part i cul a r l y  the -NH ( amide ) p ro t on region ,  which  
i s  a good  i ndex for  s t ructural  s t ab i l i t y .  The spe c t r a  we r e  
a l so examined t o  a s s e s s  t h e  po s s ib i l i t y  o f  p H  dependent 
con f o rma t i on a l  change s . 
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Material s  and Methods 
Prot e o lys i s  o f  pro - GnRH / GAP . P roho rmone ( 32 � )  and 
p l asma k a l l i k r e i n  ( En z yme Research Labs ) were incubated  ( 0 -
2 4  h r ,  3 7° C )  i n  a mo l a r  ra t i o  o f  1 0 : 1 in  5 0  roM Hepes bu f f e r ,  
p H  7 . 5 .  A t  t h e  approp r i a t e  t ime , each reaction  was s topped 
w i th 0 . 1  vo l ume of 3N HC1 . An a l i quot of each t imed 
hydro l y s i s  s amp l e  was d i luted 1 : 2 5 in PBS and subj ected  to 
EL I SA w i t h  p r o- GnRH / GAP ant i s e rum . The extent  o f  reac t i on 
was mon i t ored b y  the d i s appearance o f  immunoact i vi t y .  
Because  the p r imar y  s e quence o f  pro-GnRH / GAP i s  known , the  
s i t e s  of  k al l i k r e i n  c a t a l y z ed c l eavage were de t e rmined by  
N - te rm i n a l  s e quence ana l y s i s  o f  the react i on m i x tu r e , 
rathe r than o f  the s eparated pep t ide c l eavage p roduct s .  
I n t r i n s i c  f luorescence measuremen t s . Measuremen t s  
w e r e  made a t  room temperature o n  a Sh imadzu R F- 5 0 0 0  
s p e c t ro f l uorome t e r  according t o  the pH o r  CaC 1 2  t i trat i on 
p ro tocol . The p ro t e i n  solut ion ( 0 . 7 5 - 2 . 7 5 � )  was ana l y z e d  
i n  a 3 mm path  l ength opt i c a l  ce l l . The band width for 
both exci t a t i on and emi s s ion was 5 nm . I n  a l l  exp e r imen t s , 
the exc i t a t i on wave l ength was 2 8 0  nm, and the emi s s i on 
wave l ength was determined by spectral  scanning . 
1 3 3  
C i r c u l a r  d i chroi sm measuremen t s . Al l me asureme n t s  
were  made a t  room t emperature  on a J a s c o  J - 5 0 0 C  
spect ropo l a r ime t e r  according t o  t h e  pH t i t r a t i on p rotoco l . 
The p r o t e i n  s o l u t ion ( 2 0 0  � )  was ana l y zed i n  a 1 mm path  
l ength  opt i ca l  ce l l . The spectra  i n  the r e g i on 2 4 0 - 1 9 0 nm 
were ana l y z ed to det e rmine  the fract ional  percent o f  
s econdar y  s t ru ctura l  e l emen t s  us ing  t h e  PROt e i n  SECondar y  
( PROSEC ) s t ructure  program .  T h i s  program c a l c u l a t e s  a ­
he l i x ,  � - s t rand,  and � - turn e l ement s ,  and a l l  rema i n i n g  
s t ructure i s  de s i gna t ed to be unorde red ,  random co i l . 
Ca Cl :  t i t r a t ion protocol . The prot e i n  was d i s s o l ved  i n  
e i t h e r  d i s t i l l ed wa te r  or  5 0  mM Hepes bu f f e r ,  p H  7 . 5 . 1 0 0  
mM and 1 M CaC12  s t o c k  solut ions were made i n  e i ther  wa t e r  
o r  5 0  mM Hepes bu f f e r , p H  7 . 5 . An approp r i a t e  vo lume o f  
t h e  approp r i a t e  s t o c k  solut ion was added to the prot e i n  
s o l u t i on to reach t h e  de s i red concent rat ion . 
pH t i t r a t i on p ro tocol . The prot e i n  was d i s so lved i n  a 
bu f fe r  con t a i n i ng 4 0  mM Hepe s , 2 5  mM sodium ace t a t e , 2 5  mM 
gl ycine , and 1 mM E DTA at  pH 7 . 0  ( You et  a l ,  1 9 9 3 a ) . 
Add i t ion o f  sma l l  amounts o f  e i th e r  d i l u t e  hydroch l o r i c  
a c i d  ( 1  mM )  or  d i l ut e  sodium hydrox i de ( 1  mM )  t o  t h i s  
s o l ut ion r e su l t s  in  a new pH ,  whi ch i s  then determined b y  
means o f  a p H  p robe ( Chen e t  a I ,  1 9 9 1 ) . 
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D i f f e r en t i a l  sc ann ing  c a l o r ime t ry .  Calorime t r i c  
expe r iment s  were p e r formed o n  a Mi crocal  Omega scann ing  
c a l o r imete r . Data were acqu i red a t  1 0 0  � prot e i n  i n  5 0  mM 
Hepe s ,  pH 7 . 5 . The rmograms were generated b y  s canning 
ups c a l e  f rom 1 0 - 9 0oC at a rate  of 1°C/mi n . Al l the rmo grams 
were b a s e l i ne corrected and norma l i zed  for p r o t e i n  
concen t r a t ion . The DSC data ana l y s i s  so ftware i s  based  on 
the s t a t i s t i ca l  mechan i c a l  deconvolut ion o f  a therma l l y  
i nduced macromo l e c u l a r  me l t ing pro f i l e  a s  i l l u s t rated 
p reviou s l y  ( Fr e i re and B i l tone n ,  1 9 7 8 ) . 
Nuc l e a r  magnet i c  re sonance spect ros copy .  1 D  proton 
NMR expe r imen t s  were pe r formed on a Var i an 5 0 0  spect rome t e r  
ope r a t i n g  a t  a lH f re quency o f  5 0 0  MHz . Al l data were 
acqu i red at  2 5" C i n  5 mm NMR tube s . The prot e i n  was 
d i s s o l ved i n  1 ml H:O/ D20 ( 9 0 : 1 0 )  to a concent rat i on of 2 
mM .  The i n i t i a l  pH o f  t h i s  solution  was 2 . 8 .  Subsequent 
pH adj u s tmen t s  were made b y  the addi t i on of  sma l l  amounts  
of  sodium h ydrox ide . 
2 D  TOCSY and NOESY exp e r iments were p e r fo rmed on a 
Bruker  spect rome t e r  ope rating  at  a lH f r e quency o f  5 0 0  MHz . 
Al l dat a  were  acqu i red a t  2 5°C i n  5 rom NMR tubes . The 
p ro t e i n  was d i s s o l ved in 1 ml HzO/ DzO ( 9 0 : 1 0 )  to  a 
concent r a t i on o f  1 roM ,  and the pH was adj u s t ed to 6 . 8 5 
u s i ng 5 0  roM phosphate buf fe r . 
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Re sults 
E n z yma t i c  p r o c e s s i n g 0 :  p r o - G n RH / GAP . P r o c e s s i n g o f  
p r o - GnRH / GAP b y  p l a s ma k a l l i k r e i n  w a s  mon i t o r e d  b y  
i mm u no a s s a y . vl i t h i n  1 h o u :::- , a l l  i mmun o a c t i v i t y  w a s  
ab o l i s h e d  ( T a b l e  6 ) , i n d l c a t i n g t h a t  c l e a v a g e  o f  t h e  
p r o c e s s i n g  s i t e e p i t o p e  h a s  o c c u r r e d . T h e  p r o d  c � s  0 :  t h e  
1 h r  r e a c t i o n we r e  c h a r a c t e r i z e d  b y  N - t e rm i n a l  s e q u e n c e  
a n a l j s i s . B e c a u s e  t h e  p r i ma r y  s e q u e n c e  o f  p r o - G nRH / GAP i s  
k nown , w e  w e r e  a b l e  t o  d e t e rm i n e  t h e  s e q u e n c e s  r e s i d e n t  i n  
a m i x t u :::- e o f  p e p t i d e s . 
F i v e s e qu e n c e s  we r e  d e t e c t e d  ( � a b l e  7 )  wh i c h a r e  
a t t r i b u t a b l e  t o  c l e a v a g e  a f t e r  A r g 1 3 ,  Ar g 3 7 ,  A r g 4 6 ,  A r g S O ,  
a n d  L y s S 3 . Re g a r d l e s s ,  t h e  p r e s e n c e  o f  t h e  a m i n o  a c i d  
s e q u e n c e  o f  GAP v e r i f i e s  t h a t  k a l l i k r e i n  c l e a v e s  p r o ­
G n RH / GA P  a t  i t s  b i o l o g i c a l l y  r e l e v a n t  p r o c e s s i n g  s i t e . 
T h e s e  r e s u l t s  s h ow t h a t  t h e  p r o c e s s i n g s i t e  i n  r e c o �� i n a n t  
p r o - GnRn / GAP i s  e x p o s e d o n  t h e  s u r f a c e  o f  t h e  p r o t e i n  a n d  
t h a t  i t  i s  a c c e s s i b l e  f o r  p r o t e o l y s i s . 
� l u c r e s c e n c e  s p e c c :::- c s C O P ! · T h e  s ::: r u c : u r a l  
o r g a n � : a t i o n i �  t h e  p r o c e s s i n g  s i : e  r e g � c �  0 :  p r o - Gn RE / GAP 
anj i t s  :::- e s p c n s e  (0 c � a � g e s  : n  the c h em i c a :  e n v i r o nm e n t  
Table 6 
Immunological characterization of kallikrein catalyzed 
proteolys is of recombinant pro-GnRH / GAP  
T ime ( hr )  00405 
0 0 . 3 1 8  
1 0 
4 0 
1 2  0 
2 4  0 
1 3 7 
* 
1 3 8  
Table 7 
N- terminal sequence analysis of products resul ting from 
kallikrein catalyzed proteolysis of pro-GnRH / GAP 
Cycle  
Sequence * 1 2 3 4 5 
1 Asp Ala Glu Asn Leu 
2 S e r  Pro Leu Arg N / O  
3 Asp Leu Lys G l y  Ala  
4 G l y  Ala  Leu  Glu  S e r  
5 Phe Glu  S e r  * Thr  Thr  
Sequences were  a s s i gned ba se d  on  the known prima ry 
s e quence of  pro-GnRH /GAP ( Fi gure 3 )  with cons i derat i on o f  
the Cy s 4 0  t o  S e r  amino a c id  subs t i t ution ( c . f . , Figure  
1 2 )  . 
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were  s tudied b y  i n t r i n s i c  f luorescence emi s s i on 
spec t ros cop y . I n  s eparate  expe riment s ,  the prohormone was 
t i t r ated  w i th r e spect  to and pH and c a l c i um c h l o r ide 
concen t r a t ion ( wh i ch represe nts  both i on i c  s t rength and 
free c a l c i um concen t r a t i on ) , and the e f fe c t s  on 
f l uo r e s cence emi s s ion intens i t y  were obs e rved . 
T i t r a t i ons w i th c a l c i um ch l o r i de were done i n  
unbu f fe r e d  s o l u t ions  and i n  solut ions  bu f f ered at  pH 7 . 5  a s  
de s c r ibed . I n  e i th e r  case , t i t ra t ion up to a concent rat ion 
o f  5 0 0  mM y i e l ded no s i gn i f i cant e f fect  on f l uo r e s cence 
i n t en s i t y  ( Fi gure  2 2 ) . This sugge s t s  that the s t ru c t u r a l  
organ i z a t i on i n  the reg ion o f  t h e  proce s s i ng s i t e  i s  n o t  
sens i t ive to changes i n  ionic  s t rength or  f r e e  c a l c i um 
concen t r a t i on . 
Howeve r ,  i n t r i n s i c  f l uore sc ence emi s s i on intens i t y  i s  
very  sen s i t i ve t o  changes  i n  pH . Emi s s ion intens i t y  i s  
max ima l i n  t h e  neut r a l  p H  range ( 7 . 0 - 8 . 0 ) and decreases  
drama t i ca l l y  out s i de t h i s  range  ( Fi gure  2 3 ) . These  data 
sugge s t  that the T rp r e s i due is  l e a s t  s o l vated ( mo s t  
bur i ed )  at  neut r a l  pH ,  whi ch wou l d  be con s i s tent  w i th an 
i n c r e a s e  i n  s t ructural  organ i z a t ion in  this  region o f  the 
prohormone .  
1 4 0  
Figure 2 2 : Effect of CaCl2 concentration on intrinsic 
fluorescence emi s sion intensity of pro-GnRH / GAP . 
Recomb inant pro -GnRH /GAP was t i t rated w i t h c a l c ium c h l o r i de 
ove r the  concent r a t i on range o f  0 t o  5 0 0  mM ( co r r esponding  
to an i o n i c  s t rength ra nge  o f  0 to  1 . 5  M ) . Samp l e s  w e re 
exc i t ed a t  2 8 0  nm , and the emi s s ion intens i t y  at  3 4 8  nm was  
mea sured . Emi s s i on intens i t y  was norma l i zed t o  prot e i n  
concent r at ion , wh ich w a s  d i l uted f rom 1 . 5  t o  0 . 7 5 �M ove r 
the cou r s e  o f  the t i t r at i on . 
2 
E 
c 
OJ 
� 
(") 
ro 
"0 
Qi 
>= 
<l) 
<..) 
c 
<l) 
<..) 
(j) 
<l) '-0 ::J 
u:::: 
<l) .� 
ro � 
<l) 
0::: 
0 
[Calcium Chloride] 0 mM 
Ion ic  Strength 0 mM 
1 mM 
3 mM 
10  mM 
30 mM 
_ Ambient pH 
� pH 7.5 
'" 
1 00 mM 300 mM 500 mM 
300 mM 900 mM 1 500 mM 
1 4 1  
1 4 2  
Figure 2 3 : Effect of pH on intrinsic fluores cence emi s s ion 
inten s i ty of pro-GnRH/GAP . Recomb i nant pro-GnRH /GAP was  
t i t rated f rom pH 4 . 2  t o  1 1 . 3 .  The p r o t e i n  ( 1 . 5  �M) was  
d i s s o lved i n  bu f f e r  cont a i ning 40  mM Hepe s ,  25  mM sodium 
a c e t at e ,  2 5  mM g l ycine , and 1 mM EDTA at  pH 7 . 0  ( You et  
a l , 1 9 9 3 a ) . Addi t ion o f  sma l l  amount s  o f  hydrochl o r i c  acid  
o r  sodium hydrox i de resu l t s  in  a ne w  pH , which  was mea s u red 
w i t h  a pH p r obe ( Chen e t  a I ,  1 9 9 1 ) . Samp l e s  were  exc i t ed 
a t  2 8 0  nm and the  emi s s i on inten s i t y  at  3 4 8  nm was  
measured . Emi s s ion intens i t y  was norma l i zed  t o  pro t e i n  
concent rat i o n ,  wh i ch w a s  reduced by n o  mo r e  than 5 %  ove r 
the  course  o f  t he t i t ra t i on . 
1 4 3  
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There  app e a r  t o  b e  a t  l e a s t  two pKa ' s i nvo l ved i n  the 
mai n t enance of  the Trp mi croenv ironment .  Graph i c a l  
i n t e r p r e t a t i o n  o f  the d a t a  i ndicates  t h a t  pKa ' s a t  6 . 0 - 6 . 5  
and 9 . 5 - 1 0 . 0  ar e  l i ke l y  impo r t ant . These l i ke l y  corre spond 
to H i s  and Lys s i de cha ins , re spe c t i ve l y .  
C i rc u l a r  di chro i sm spectroscopy . We used  CD 
spectros copy to loo k for  se conda ry  s t ructure in  the 
prohormone and to determine the dependence of s e conda r y  
s t ructural  e l emen t s  on changes i n  pH . As s hown ( Tab l e  8 ) , 
the prohormone  d i s p l ays predominant l y  � - s t rand charac t e r  
throughout t h e  ent i r e  pH t i tra t ion ( pH 4 . 4 - 1 0 . 7 ) . The 
f r a c t ional  pe rcent of each se conda r y  s t ructural  e l ement 
rema i n s  v i r t ua l l y  const ant over mo s t  of t h i s  pH range . 
Howeve r ,  at  pH < 5 . 0 , the r e l a t ive di s t r ibut ion o f  the 
var i ou s  e l emen t s  change s ; there  i s  a s l i ght but d i s ce rnab l e  
dec r e a s e  i n  � - s t rand content which co incide s  w i th an 
i n c r e a s e  i n  a-he l i x ,  � - t u r n ,  and random coi l e l ement s .  
Di f f e r en t i a l  s cann i ng c a l o r ime t r y .  The therma l 
s t ab i l i t y  o f  p ro-GnRH/GAP was s tudied by  d i f f e rent i a l  
scanning c a l o r ime t r y . The f l uore sc ence data showed max i mum 
s t ructure  a t  neut r a l  pH ; there fore , the DSC exp e r imen t s  
1 4 5  
Table 8 
Effect of pH on secondary s tructure of pro-GnRH / GAP 
Secondary s t ructure  ( %  ) 
pH 
he l i x  s t rand turn co i l  
4 . 4  7 . 1  5 B . 7  B . 3  2 5 . 9  
4 . 7  4 . 4  6 6 . 3  6 . 1 2 3 . 2  
5 . 2  0 7 B . O  2 . 6  1 9 . 3  
6 . 0  0 7 B . 3  3 . 3  1 8 . 4  
6 . 9  0 7 B . 0  3 . B  1 B . 1  
7 . 4  0 7 B . 0  3 . 5  1 B . 5  
7 . 7  0 7 B . 3  3 . 4  1 B . 3  
B . B  0 7 B . 0  3 . 6  1 B . 4  
9 . 6 0 7 B . 4  3 . 4  1 B . 2  
1 0 . 7  0 7 B . 0  3 . B  1 B . 1  
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were p e r formed at  pH 7 . 5 . The thermo gram reve a l s  a s h a rp 
t r an s i t ion w i t h  a midpo int  temperature  o f  4 6°C and a 
t r an s i t ion enthalpy o f  2 8 . 5  kcal /mo l  ( Fi gure  2 4 ) . The data  
are  con s i s t ent w i t h  a theore t i c a l  fit  o f  a two - s t at e  
t r an s i t i on mode l o f  unfolding ( na t ive  � unfolded ) . Thi s 
experiment shows that recomb inant pro-GnRH/ GAP has a 
de f i nabl e  s t ructure i n  solut ion a t  neutral  pH . 
Nucl e a r  magnet i c  re sonance spect ro s cop y . The e f fe c t  
o f  pH on t h e  s t ructure o f  pro-GnRH / GAP wa s obs erved i n  a 
s e r i e s  o f  four l D  proton NMR exp e r imen t s  ( pH 2 . 8 - 7 . 5 ) The 
s p e c t r a  were  ana l y zed for evidence of pH i nduced  
con forma t i on a l  change s a nd  for r e s o l u t i on which  may 
fac i l i t a t e  further s t ructural  ana l ys i s . 
The 6 . 4 - 1 0 . 6  ppm reg ion o f  each spe c t rum,  whi ch 
encomp a s s e s  the aroma t i c ,  amide , and Trp indo l e  proton 
r esonance s ,  i s  shown in  Figure 2 5 . The range o f  6 . 4 - 8 . 8  
ppm con t a ins  the aroma t i c  ( - 6 . 4 - 7 . 5  ppm ) and ami de ( - 7 . 0 -
8 . 8  ppm ) re sonance s .  I t  i s  c l e a r  that the d i s t r ibut ion o f  
r e s onanc e s  change s i n  t h i s  reg ion o f  the spect rum a s  a 
functi on  o f  pH . T h i s  i s  unequ ivocal  evidence for pH 
i nduced conforma t i on a l  change . 
1 4 7  
Figure 2 4 : DSC thermogram of pro-GnRH/ GAP at pH 7 . 5 .  
Recomb i nant pro-GnRH / GAP ( 1 0 0  �M)  was d i s s o l ved i n  5 0  mM 
Hepes  pH 7 . 5  and s canned ups c a l e  from 1 0  t o  9 0 °C . The 
r e s u l t i n g  curve ( so l i d l i ne ) was compa red w i t h a 
theoret i c a l  t wo - s tae t rans i t ion mode l curve ( do t t e d  l i ne ) , 
and t h e rmodynami c  parame t e r s  were determined f rom both 
curve s ( i n s et ) . 
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Figure 2 5 : 1D lH NMR spectra of pro-GnRH/ GAP at variable pH . 
Recomb i nant pro-GnRH /GAP was d i s so lved i n  1 ml H20/ D20 
( 9 0 : 1 0 )  to a concent rat i on o f  2 mM .  The i n i t i a l  pH o f  t h i s  
s o l ut i on w a s  2 . 8 ; subsequent p H  adj us tment s w e r e  made b y  
adding sma l l  amoun t s  o f  sod ium hydroxide . Shown i s  the  
region  o f  the 1 D  proton spe ctra  encompa s s i ng the T rp i ndo l e  
- N H  ( a ) , amide ( b )  and a romat i c  ( c )  proton r e s onance s .  
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The r e s o l u t ion o f  the ami de and aroma t i c  resonances i s  
drama t i c a l l y  improved a s  the pH i s  i ncreased f rom 2 . 8  to  
6 . 4 , i n d i c a t i n g  an increase  i n  s t ructural  organ i z a t ion o f  
the pro t e i n . S im i l a r l y ,  the Trp res onance ( - 1 0 . 1  ppm ) i s  
more  res o lved a t  pH 6 . 4  than a t  pH 5 . 3 , indi cat i ng l e s s  
expos u r e  t o  s ol vent . The r e solut ion i n  t h e  6 . 4 - 7 . 6  ppm 
range , whi ch conta i ns a romat i c  and some amide re sonanc e s , 
con t i nu e s  to imp rove up to pH 7 . 5 , indi cat i ng further 
s t ructure  enhancement . Howeve r ,  the Trp resonance and 
tho s e  in  the 7 . 8 - 8 . 6  ppm range ( p r imar i l y amide s )  are  
s upp r e s s e d  and exchange broadened a t  this  pH . 
The s e  data  a r e  cons i s t ent  w i th the i de a  that  pro­
GnRH/ GAP as sume s i t s  mo s t  organ i ze d  s t ructure  a t  neut r a l  
pH . Howeve r ,  s ub s e quent NMR exp e r iment s  were p e r f o rmed a t  
pH  < 7 . 0  i n  o rder to achi eve s u f f i c i en t  resolut ion i n  the 
amide region for  s t ructural  ana l ys i s . 
20 TOCSY and 20 NOESY exp e r imen t s  were done  a t  pH 
6 . 8 5 .  The TOCSY data r e s u l t  from a l l  corre l a t ions  ( through 
bond and through space ) . As shown ( Fi gure 2 6 ) , there a r e  
nume rous cor e l a t ions  i n  t h e  a�-a� a n d  ami de - amide regions . 
There a r e  a l so s i gn i f i cant corre l a t ions i n  the amide-a� 
1 5 2  
Figure 2 6 : 2D lH TOCSY NMR spectrum o f  pro-GnRH/ GAP  a t  pH 
6 . 8 5 .  Re comb i nant pro-GnRH /GAP was di s s o l ved in 1 ml  
H20/ 020 ( 9 0 : 1 0 )  t o  a concentra t i on o f  1 mM, and the  pH was  
adj u s t ed t o  6 . 8 5 w i t h phosphat e  bu f fe r . The 20  contour 
p l ot shows a l l  proton corre l a t i ons ( t hrough bond and 
t hrough space ) w i t h  the except ion o f  those invo l v i ng the 
far down f i e l d ( 1 0 . 1  ppm ) T rp indo l e  -NH proton re sonance . 
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r e g i on ( Fi gu r e  2 7 ) . These data sugg e s t  that s t ructura l 
ana l y s i s  may be f e a s i b l e  a t  pH 6 . 8 5 .  
Howeve r ,  the NOESY  data are l e s s  favorab l e . The 
ami de-a� r e g i on of the 20 NOESY  ( pH 6 . 8 5 ,  1 0 0  msec mixing  
t ime ) i s  s hown i n  Figure 2 8 . The l a c k  o f  s i gn i f i cant 
through space connect i v i t i e s  i nd i c a t e s  that re sonance 
a s s i gnmen t s  wi l l  be  di f f i c u l t  at  b e s t . These  p r e l imi n a r y  
NMR data demon s t r a t e  t h a t  s t ructure ana l y s i s  o f  pro­
GnRH / GAP i n  the neut ra l  pH range wi l l  be  prob l ema t i c . 
1 5 4 
1 5 5  
Figure 2 7 : Amide-alpha proton correlation region o f  the 2D 
lH TOCSY NMR spectrum of pro-GnRH/GAP at pH 6 . 8 5 .  The p l ot 
shows a more deta i l ed view  o f  the amide- a l pha p roton 
corre l a t i on reg ion ( uppe r  l e ft quadrant ) o f  the p l ot in  
Figure  2 6 .  
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Figure 2 8 : Amide -alpha proton correlation region o f  the 20 
lH NOESY NMR spectrum of pro-GnRH/ GAP  at pH 6 . 8 5 .  The s ame 
pro t e i n  s amp l e  used in the TOCSY exper iment ( Fi gures  2 6  and 
2 7 ) was used in  the NOESY expe r iment ( 8 0  msec  mixing  t ime ) 
The p l ot shows t h rough space connect i v i t i e s  in  the ami de ­
a l pha p r o ton corre l a t i on region . 
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D i s cu s s i on 
I t  h as  been sugge s t ed that  c l eavage s i t e s  w i t h i n  
prohormones ar e  a s soci a ted w i t h  de f i ned s t ructural  f e a t u r e s  
wh i ch a r e  expos ed on the sur face o f  the mo l e c u l e  ( fo r  
revi ews , s e e  Har r i s ,  1 9 8 9 ;  Harri s  e t  a l ,  1 9 9 4 ) . Fur t he r ,  
i t  i s  l i ke l y  that  p roce s s ing o f  proho rmone s  i s  p a r t l y  
r e gu l a t e d  b y  t he s e  s t ructural  features  and t he i r  dynam i c s  
as s o c i a ted w i t h  change s in  t h e  chemi c a l  envi ronment ( pH ,  
i o n i c  s t r en g t h ,  f r e e  c a l c i um concen t r a t ion ) encountered  i n  
the various  subc e l l u l a r  compartmen t s  o f  the regulated  
s e c r e to r y  pathwa y . 
We showed that  the proc e s s ing s i t e w i t h i n  re comb i nant 
pro-GnRH / GAP is  sur face exposed and that the approp r i a t e  
c l e avage s i te i s  sus cept i b l e  to proteol ys i s . W e  
demo n s t rated  t h a t  t h e  s t ructure o f  t h e  i n t a c t  prohormone , 
and,  i n  p a r t i cu l a r ,  that o f  the region encomp a s s ing the  
pro c e s s i ng s i t e ,  is  s e n s i t i ve to changes in  pH , but not to  
changes i n  ion i c  s t rength or  free c a l c i um concen t r a t i on . 
We further  showed that the s t ructural  organ i z a t ion o f  the 
proc e s s i ng  s i t e  reg ion is  max ima l a t  neut r a l  pH and that 
the i n t a c t  prohormone a s s umes a de f i ned t e r t i a r y  s t ructure  
1 6 0 
a t  neut r a l  p H . Howeve r ,  p r e l iminary  NMR da ta sugg e s t  that 
s t ructural  anal ys i s  a t  neu t r a l  pH w i l l  be  prob l ema t i c . 
Recomb i nant pro-GnRH / GAP i s  immuno react ive to ant i ­
pro-GnRH / GAP ant ibody pr ior  t o  c l eavage b y  p l asma 
kal l i kr e i n ,  which abo l i shes  t h i s  immuno a c t i v i t y . There fore , 
the proce s s i ng  s i t e  epi tope mus t  be expo s ed on the sur face  
of  the p roho rmone , and  it  is  d i s rupt ed b y  proteo l ys i s . 
P l a sma ka l l i k r e i n  c l eaves p ro-GnRH / GAP a f t e r  Arg 1 3 ,  
Arg 3 7 , Arg 4 6 ,  Arg5 0 ,  and Lys 5 3 , . Al though mut ip l e  
c l eavages occur , c l eavage o f  t h e  Arg 1 3 -Asp1 4  bond 
demo n s t r a t e s  the suscep t ib i l i t y  of the b i o l og i ca l l y  
r e levant c l e avage s i t e . Al so , o f  the observed ka l l i k r e i n  
sens i t i ve s i t e s ,  onl y  Arg 1 3  i s  i n  t h e  v i c i n i t y  o f  the 
proce s s ing  s i te  ep i t ope . Thus , it  is  l i ke l y  that c l e avage 
a t  t h i s  s i t e  is su f f i c i ent  to abo l i sh ant i -pro-GnRH/ GAP 
immunoa c t i vi t y .  
Kal l i kr e i n  c l eavage o f  pro- GnRH / GAP was detected a f t e r  
eve r y  Arg r e s i due i n  t h e  prohormone except f o r  Ar gS . Thi s 
i s  p a r t i c u l a r l y  s i gn i f i cant because the Arg S - Pro9  bond 
rema i n s  i ntact  in b i oact ive GnRH . ArgS is a l so part  of the 
put a t i ve recogn i t ion s e quence for GAP- r e l eas ing e n z yme , 
sugge s t in g  that i t  i s  sur face exposed i n  the intact  
proho rmone . The r e fore , i t  i s  l i k e l y  tha t ,  a t  neut r a l  pH ,  
the p roce s s i ng  s i te  a s s ume s a s t ructure wh i c h  
s imul t aneou s l y  pre se nts  t h e  Arg 1 3 -Asp 1 4  bond for  
proteo l yt i c  c l e avage and p ro t e c t s  the Ar g 8 - Pro 9 bond f rom 
proteo l ys i s ,  a l though X- Pro bonds a re  not gene r a l l y  
suscep t i b l e  t o  p roteo l ys i s . 
1 6 1 
Fluorescence da ta showed that the T rp m i c roenvi ronment  
wi t h i n  p ro - GnRH / GAP i s  s en s i t ive to changes  i n  pH , a l be i t  
unrespons i ve t o  changes i n  i o n i c  s t rength o r  f r e e  c a l ci um 
concen t r a t ion . The i n t r i n s i c  f luo res cence emi s s i on 
i n t en s i t y  o f  pro-GnRH/GAP i s  maximal a t  neutr a l  pH ( 7 . 0 -
7 . 9 ) and decreases  drama t i ca l l y  outs i de t h i s  range . T h i s  
i nd i c a t e s  t h a t  t h e  T r p  r e s i due , whi c h  i s  in  c l o s e  p roximi t y  
t o  t h e  p roc e s s i ng s i t e ,  i s  buried t o  a grea t e r  extent  a t  
neu t r a l  pH . Thus , i t  i s  l i ke l y  t h a t  t h e  s t ructura l 
organ i z a t ion o f  the proce s s ing s i te  i s  max ima l at  neu t r a l  
pH . 
Ana l y s i s  o f  the f l uore scence pH t i t r at ion curve 
i ndi c a t e s  that H i s  and Lys r e s i dues  are l i ke l y  i nvo lved in 
the ma intenance of the proc e s s ing s i te  s t ructure . The 
apparent  pKa ( 6 . 0 - 6 . 5 ) in  the a c i d i c  range is  in aggreement 
wi th the expected value for the H i s  s i de cha i n . The 
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obse rved pKa ( 9 . 5- 1 0 . 0 ) i n  the bas i c  range i s  c l o s e  to the 
expected  value for  the Lys s i de cha i n  ( 1 0 . 5 ) . I t  i s  
pos s ib l e  that  the pKa o f  Lys  i s  lowered b y  the pre sence o f  
nearby charged r e s idues . Fo r examp l e ,  Lys 1 2  i s  immedi a t e l y  
adj acent  to a n  Arg r e s i due . The charged Arg s ide chain  
coul d  i n c r e a s e  the local  po l a r i t y  r e l a t i ve to that of  bul k 
wat e r ,  caus i ng a decr e a s e  i n  the apparent pKa o f  Lys . 
The s e condary s t ructure o f  pro-GnRH / GAP i s  
charact e r i z ed p redominant l y  b y  � - s trand throughout the pH 
t i t r a t i o n  ( pH 4 . 4 - 1 0 . 7 ) . The r e l at ive di s t r ibut i on o f  
s e conda r y  s t ructural  e l ement s  i n  pro-GnRH / GAP i s  constant  
over mo s t  of  this  range ( pH 5 . 2 - 1 0 . 7 ) . However ,  a t  pH 
< 5 . 0 , t h e r e  is a s i gn i f i cant decr e a s e  in  � - s t rand charac t e r  
wh i c h  cor r e sponds to a s i gn i f i cant i ncrease  i n  a-he l i x ,  � ­
t u r n ,  and r andom c oi l e l ement s .  T h e  increase  i n  he l i c a l  
content ma y be s i gn i f i cant . Many predi cted c l e avage s i t e s  
w i t h i n  p rohormone s ,  whi c h  a r e  n o t  c l e aved i n  vi vo , a r e  
located  w i t h i n  s e quences w i t h  a predi cted propens i t y  f o r  
he l i c a l  s t ructure ( Rho l am e t  a l ,  1 9 8 6 ) . A t  neutral  p H ,  
kal l i kr e i n  c l eaved GAP a t  mul t i p l e  s i t e s . Howeve r ,  the pH 
i n  s e c r e t o r y  granu l e s , i n  whi c h  GAP is s tored i n  vi vo , i s  
c l o s e r  t o  pH 5 . 5 , due to the act ion o f  a Na/K-AT P a s e  i n  
s e c re t o r y  granul e s . I t  i s  pos s ib l e  that the format i on o f  
a-he l i x a t  a c i d i c  p H  protects  key  s i t e s  w i th i n  GAP f rom 
f u r t h e r  p ro t e o l ys i s  in s ec re tory  granu l e s . 
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Therma l denaturat ion o f  pro-GnRH/ GAP at  pH 7 . 5  occurs  
via  a s imp l e  two - s t at e  t rans i t ion ,  indicating  that the 
proho rmone as s umes a de f i ned t e r t i ar y  s t ructure at  neut ral  
pH . I t  i s  s i gn i f i cant that a protein  o f  t h i s  chain l ength 
( 6 9 r e s i due s ) is  capab l e  of  forming a f o l ded doma i n . I n  
such a f o l ded s t ructure , i t  may b e  that onl y c e r t a i n  
p r o t eo l y t i c  s i t e s  a re  ava i l ab l e  o n  t h e  suface  o f  t h e  
prohormone , whi l e  o t h e r s  m a y  be protected by  v i r tue  o f  the  
s t ructural  feature s  in which they e x i s t . 
The NMR data c l e a r l y  demon s t r a t e  that pro-GnRH/GAP 
unde rgoes  pH induced conforma t ional change s . Thi s con f i rms 
the s t ructural  e f f e c t s  of pH we obs e rved i n  the 
f l uore s c ence and C D  expe r iment s .  The s e  resu l t s  are  
con s i s t ent wi th the id e a  tha t  prohormones may  regu l a t e  
the i r  own proces s ing by unde rgo ing conforma t i onal chang e s  
dur i ng d i f f e rent s t ages  o f  t h e  s e c r e t o r y  pathwa y . 
Fur th er  ana l ys i s  o f  the NMR da ta sugges t s  that the 
s t ructura l o rgan i z a t ion of  p ro-GnRH / GAP incr e a s e s  a s  the pH 
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approaches neutra l i t y . The a roma t i c ,  amide and T rp p roton 
r e sonances become i nc rea s i n g l y  reso lved as  the pH i n c r e a s e s  
f rom 2 . 8  to  6 . 4 , indi c a ting  greater  de f i n i t i on o f  
s tructure . Al t hough exchange broadening i s  apparent  i n  the  
ami de r e g i o n  a t  pH 7 . 5 , the mar ked r e s o l u t ion i n  the  
a roma t i c  r e g i on probab l y  indi cates  futher  s t ructural  
o rgan i z a t i o n . The s e  re su l t s  a re  cons i s tent w i th the 
f l uor e s cence data  that indicated max imum s t ructure o f  the 
proce s s in g  s i t e  a t  neu t r a l  pH . There i s  a s i gn i f i cant 
co r r e l a t i o n  be tween these  r e s u l t s  and the observat i o n  that 
GAP - r e l ea s ing  e n z yme a t t a ins  max ima l act i v i t y  a t  neu t r a l  
pH . 
P r e l imin a r y  2 D  NMR data reve a l ed that pro-GnRH / GAP ma y 
not be amenab l e  to s tructure determinat ion unde r 
phys i o l o g i c a l  condi t i ons ( i . e . , i sotoni c ,  neut r a l  pH 
cond i t ions ) .  Al though there were s ubs tant i a l  corre l a t i on s  
obs e rved i n  t h e  TOCSY expe r iment ,  t h e r e  w e r e  very  few 
corre l a t ions  appa rent in  the NOESY exper iment . T h i s 
demon s t ra t e s  that the maj o r i t y  o f  c o r r e l a t ions  r e s u l t  f rom 
through- bond conne c t i vi t i e s  and that CaH-CpH conne c t i v i t i e s  
predomi n a t e . S t ructure determinat ion by NMR methods 
requ i re s  the r e s o l u t ion of through- space connec t i v i t i e s . 
The r e fo r e , s t ructure determi n a t i on o f  pro-GnRH/ GAP at  
neut r a l  pH app ea rs  to  be prob l ema t i c  and wi l l  probab l y  be 
b e s t  addr es s ed us ing hete ronuc l e a r  protoco l s  to s tudy l SN 
and / o r  1 3C enr i ched p ro- GnRH/ GAP . 
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CONCLUS I ONS AND SUMMARY 
Pr o -GnRH / GAP unde r go e s  e ndoproteo l ys i s  at  the  Arg 1 3 -
Asp 1 4  bond a s  the i n i t i a l  event l eading to  the matura t i on 
o f  i t s  b i o lo g i ca l l y  act ive produc t s . I t  i s  l i ke l y  that 
GAP - r e l e as ing  e n z yme i s  r e spons ibl e  for  this  proce s s ing 
event and that i t s  proteo l yt i c  speci f i c i t y  is imparted by 
the s t ructural  organ i z a t ion o f  the p roho rmone proce s s ing  
s i t e  recogn i t i on  s e quence . To t e s t  t h i s  hypo the s i s ,  we 
condu c t ed s t ructural  ana l ys i s  of intact  pro-GnRH / GAP . 
Hundred mg quant i t i e s  o f  pure prohormone were needed f o r  
the s e  s tudi e s . Thu s , w e  dev i sed protoco l s  for the  l a rge  
scale  preparation  o f  pure  pro-GnRH/GAP . We then s tudied 
the s t ructural  prope r t i e s  o f  the prohormone and a s s e s sed 
i t s  r e sponse  t o  changes in  the chemi cal  envi ronment . 
The chemi cal  s ynthe s i s  o f  pro- GnRH / GAP was 
accomp l i shed ,  a l though we were unabl e  t o  obt a i n  the 
s yn t he t i c  p rohormone i n  s u f f i c i en t  puri t y  for  s t ructural  
s tudi e s . An immunoa s s ay wa s  deve l oped whi ch i s  spec i f i c  
f o r  t h e  p rohormone proce s s ing s i t e . U s i ng thi s a s s a y ,  we 
1 6 6 
1 67 
demons tr a t e d  that  the proce s s i n g  s i te i n  s ynthe t i c  p ro ­
GnRH / GAP i s  expo sed on t h e  sur face o f  the mo l e c u l e  and t h a t  
the p r oc e s s i n g  s i t e  epi tope i s  d i s rupted b y  proteol ys i s . 
U s i ng a nove l exp r e s s ion s y s t em ,  we obta i ned  
r e comb i nant  pro-GnRH/ GAP i n  s u f f i c i en t  y i e l d  and  pur i t y  to 
condu c t  our p ropo sed s tudi e s . W e  showed that recomb i nant 
p ro - GnRH / GAP con t a i ns a surface expos e d  proces s i n g  s i t e  
which i s  suscep t ib l e  to proteo l y s i s  o f  t h e  b i o l o g i ca l l y  
r e l evant Arg1 3 -Asp 1 4  bond . 
F l uo r e scence s tudi e s  showed that the conforma t ion o f  
the p roc e s s i ng  s i te o f  pro-GnRH/ GAP i s  not respons ive t o  
changes i n  i o n i c  s t rength or  c a l c i um concen t r a t ion . 
Howev e r , we s howed that the proce s s i ng s i te r e g i on o f  the 
p roho rmone a t t a i n s  max imal s t ructural  o rgan i z a t i on at  
neu t r a l  pH . T h i s  c o r r e l a t e s  s t rong l y  w i t h  the maxima l 
act i v i t y  o f  GAP - r e l e a s i ng enzyme at  neut r a l  pH . The s e  data  
suppor t  the h ypothe s i s  that GAP- r e l e a s i ng e n z yme i s  
r e s pon s i b l e  for endopro t eo l y s i s  o f  pro-GnRH / GAP and that  
the s t ructure  of  the prohormone proce s s ing  s i t e helps  
imp a r t  proteo l y t i c  spe c i f i c i t y . 
I t  i s  app arent that the ove r a l l  s e condary s t ructure  o f  
pro-GnRH / GAP i s  r e l a t ive l y  re s i s tent t o  changes  i n  pH . I t  
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i s  pos s ib l e  that  the s t ructure o f  the proce s s i n g  s i te  i s  
uni qu e l y  s e n s i t ive t o  pH over a na rrow range r e l a t i ve to 
that which  a f fe c t s  the gl ob a l  s t ructure o f  the prote i n . I t  
i s  a l s o c l ear  that  the p H  mediated  e f fects  on the 
conf o rma t i on of the proce s s i ng s i t e  are  very s ubt l e ,  but 
may be  s u f f i c i ent to a l t e r  the s o l va t i on s t a t e  of the T rp 
r e s i due . 
We have s hown that pro-GnRH / GAP pos s e s s e s  s i gn i f i c ant 
t e r t i a r y  s t ructure  a t  neut r a l  pH . Therma l dena tura t i on o f  
the prohormone occurs v i a  a s imp l e ,  i rr eve r s ib l e ,  two - s t a t e  
trans i t i on . T h i s  i s  rema r kab l e  f o r  a prot e i n  o f  t h i s  
mo l e c u l a r  we i ght  ( 7 , 8 6 0 Da ) and cha in  l ength ( 6 9 r e s i du e s ) 
T h i s  f i nding s uppor t s  the i dea that the g loba l s t ructure o f  
pro-GnRH / GAP i s  r e l a t i ve l y  s tab l e . 
I t  i s  c l e ar  f rom our NMR re sul t s  that the conforma t i on 
o f  pro-GnRH / GAP i s  re spon s i ve to changes in  pH . Howeve r ,  
the p r e c i s e  nature o f  these  change s i n  s t ructure r ema i n s  to 
be  quant i t ated . Our u l t imate  goal is  to  solve the three­
dimen s ional  s t ructure o f  the proho rmone . Our p r e l imin a r y  
expe r imen t s  i n d i c a t e  t h a t  t h i s  m a y  be prob l ema t i c  a t  
neu t r a l  pH . We wou l d  l i ke to determine t h e  s t ructure o f  
pro-GnRH / GAP under phys i o l o g i ca l l y  r e l evant condi t i ons . 
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Howeve r ,  the s e  p re l iminary exper iments  i ndicate  that i t  may 
be n e ce s s a r y  to  so l ve the s t ructure of pro-GnRH / GAP unde r 
cond i t i on s  that f avo r the r e s o l u t i on o f  NMR spectra ( i . e .  
a c i d i c  pH ) , but whi c h  are  c l e a r l y  non-phys i o l o g i ca l . 
Al ternat i ve l y ,  h e t e ronuc l e a r  protoco l s  us ing  1 5N and/ o r  1 3C 
l abe l ed p ro t e i n  may g i ve su f f i c i ent  spectral  r e s o l u t i on to  
a l l ow s t ructure determi n a t i on at  neut r a l  pH . 
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